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PREFACE  TO  THE  ENGLISH  EDITION. 

TN  preparing  for  the  English-reading  student  this  version  of 
■^  M.  Metchnikoff's  latest  work,  wherein  he  "sums  up  the  labours 
of  twenty-five  years,"  it  has  been  my  aim  to  give  a  faithful  rendering 
of  the  ideas  and  argument  of  the  original,  even  at  the  risk  of  an 
occasional  crude  expression,  rather  than  to  attempt  to  reproduce 
the  brilliancy  of  the  original  by  any  wide  verbal  departure  from 
the  text. 

The  Table  of  Contents  forms  an  admirable  analytical  summary  of 
the  main  subject-matters  treated,  but  an  alphabetical  Index  has  been 
added  to  the  present  edition,  and,  though  not  at  all  exhaustive,  this 
may  serve  as  a  key  to  the  many  authors  cited  and  to  the  maze  of 
detail  dii<ieusst'd  in  the  work. 

The  marginal  reference  to  the  pages  of  the  original  work  will, 
I  hope,  commend  itself  to  those  readers  who  may  wish  to  refer  to 
"the  ipsùsima  i^erba  of  the  author.  It  is,  I  believe,  a  novelty  in 
si-ientific  works,  though  familiar  in  works  in  other  departments  of 
literature. 

1  am  under  deep  obligations  to  Professor  Woodhead  (who  has 
read  the  whole  of  the  proofs)  and  to  Mr  Â.  K  Shipley,  and 
Mr  G.  H.  F.  Nuttall  (who  have  read  portions)  for  much  valuable 
criticism  and  advice. 


THE  TRANSLATOR 


Auffutt,  1905, 


■     ■ 


Permit  me  to  dedicate  to  ynv  this  worli,  irfiirh  atims  up 
the  labours  of  ticetiiy-Jivc  years;  a  very  great  part  of  it  has  been 
carried  out  hy  your  side,  you  who  have  done  so  much  to  lighten 
my  task. 

When,  nearly  fonrtcen  years  ago,  you  alloxoed  me  to  share  your 
tcork  aloiufttide  tftc  vene^rated  Master  who  founded,  the  House  tvhere 
we  hare  lahoun-d  together,  you  vere  anything  but  partisans  qf 
my  theories;  they  seemed  to  you  too  vitalistic,  and  not  suffirituthj 
physico-chemicid.  In  course  of  time  you  became  convinced  that 
my  ideas  were  not  without  foundation,  and  since  then  you  have 
given  rue  warm  encouragement  to  pursue  my  researches  in  the 
Jidil  that  I  fuid  marked  out  for  mysdf. 

Working  by  your  side  and  drawing  largely  from  your  vitst 
and  varied  stores  of  knowledge,  I  felt  mi/self  safe  from  those  diva- 
gations into  which  a  zoologist,  who  had  wandered  info  the  domain 
of  biological  chemistry  and  of  medical  acieuce,  is  likely  to  stray. 
I  thank  you  with  all  my  heart,  and  I  beg  you  to  accept  t/ie  homage 
of  this  work  as  a  testimony  of  my  deepest  gratitude  and  of  my 
warmest  friendship. 


ÉLIE  METGHNIKOFF. 


fnttitut  Pattfiur, 

3  October,  1901. 


WHEN,  ten  years  ago,  I  was  preparing  my  Lessons  on  the  Compa- 
rative Piitliolof/t/  of  Inflammation  for  tlie  press,  I  lioped  that 
the  other  sections  of  the  phagocytic  theory — Immuoity,  Atrophies, 
and  Healing — woiUd  soon  follow  this  first  work.  This  hope  has  not 
Ijeen  reiilised,  and  it  has  needed  prolonged  work  ere  I  could  publish 
the  volume  I  have  just  completed. 

During  this  long  period  I  sent  out  several  bnllnns  (fessai  under 
the  fonn  of  summaries  of  the  question  of  Immunity,  published  in  the 
Semaine  médicale  (1892),  the  Ergehnisse  of  Lubarsch  and  Ostertag 
(1886),  and  the  Handbnch  der  Hygiene  by  Weyl  (1897).  I  there 
attempted,  as  far  as  possible,  to  give  a  general  picture  of  the 
phenomena  of  Immunity  in  the  infective  diseases,  and  it  was  my 
desire  to  excite  criticism  and  opposition,  in  onler  to  determine  the 
fate  of  the  theory  of  phagocytes  in  its  application  to  the  problem  of 
Immunity. 

The  most  recent  attempt  in  this  direction  was  made  at  the  Inter- 
national Congress  at  Paris,  in  the  past  year  (1900),  when  I  presented 
my  report  on  Immunity  before  an  audience  which  included,  amongst 
others,  my  principal  opponents.  It  was  the  result  of  this  Congress 
wliich  at  Icngtii  decide<l  nie  to  bring  together  my  views  on  Immunity 
in  a  volume  which  I  now  present  to  the  reader. 

Convinced  that  many  of  the  objections  niisetl  against  the  phago- 
cjitic  theory  of  Immunity  proceeded  solely  from  an  insutficient 
knowledge  of  the  theory,  I  thought  that  a  work  condensed  into  one 
volume  might  render  some  service  to  those  who  are  interested  in 
the  problem  of  Immunity.  I  do  not  know  whether  I  shall  convert  my 
opponents,  but  I  am  convinced  that  a  perusal  of  this  book  will  clear 
away  certain  mistmderstandings.  A  very  conijwtent  observer  recently 
confessed  in  one  of  his  publications  that  for  many  years  he  had 
been  unaware  of  the  experiments  of  M.  J.  Bordet  and  myself  on 
Immunity  against  the  cholera  vibrio,  experiments  which  be  now 
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ro^nnls  as  of  fundrtTnent<\l  importance  for  the  comprclicnsion  of  the 
wliole  question  of  Immunity.  I  hope  that  after  the  appearance  of 
this  treatise  sucli  oversights  will  not  be  so  likely  to  occur. 

SliouUl  I  not  succeed  in  convincing  ray  opponents  of  the  justice 
of  the  cause  which  I  defend,  I  shall  at  least  have  infonned  my  critics 
and  ahall  have  given  them  au  opportunity  of  «liscussing  it  with  a 
thorough  knowledge  of  the  material  on  which  it  is  based.  This 
result  alone  would  justify  me  in  having  undertaken  this  work. 

At  first  I  intended  to  add  to  my  explauattuii  uf  Immunity  a 
theory  of  the  phenomena  of  healing  in  infective  diseases,  but  I  soon 
had  to  renounce  this  project,  for  its  execution  M-ould  have  increased 
too  greatly  the  bulk  of  the  book  w^hich,  without  it,  has  already  assumed 
considerable  proportions.  It  seemed  to  me  preferable  to  set  forth 
the  present  stiite  of  the  question  without  paying  too  much  attention 
to  the  historical  sequence  of  the  discoveries,  and  to  reserve  for  a 
special  cliuj)ter,  at  the  end  of  the  work,  a  sketch  of  tlie  history  of  our 
knowledge  on  Immunity. 

Before  I  ask  the  reader  to  glance  through  this  work,  I  should 
mention  that  I  have  been  heartily  seconded  in  its  prcpai-ation  by  many 
of  ray  friends  and  collalwrators.  I  oifcr  my  most  sincere  thanks  to 
MM.  Roux,  Xocard,  Massart,  and  J.  lîordet,  who  kindly  undertook 
to  read  my  manuscript  throughout,  or  such  parts  of  it  as  related  to 
their  special  subjects.  For  example,  M.  Nocard  rendered  me  a 
very  great  service  by  coirectitig  the  paragraphs  of  Cliupter  xv, 
which  treat  of  the  vaccinations  against  epiz(M)tic  diseases,  and 
M.  Miissart,  by  giving  me  his  advice  on  the  subject  of  immunity 
iu  plants. 

I  owe  very  special  thanks  to  M.  Mesnil,  who  has  been  good 
enough  to  give  me  very  eflFective  help  in  the  dry  task  of  correcting 
the  manuscript  and  proofs. 

I  beg  MM.  E.  Romy  and  L.  Bsiruéoud  to  accept  my  thanks  for  the 
care  they  have  bestowed  on  the  execution  of  the  illustrations  iu  thia 
work. 


ÉLIE  METCHNIKOFF. 


Pabis,  Ikbtititt  Pastkitk, 
3  October,  1901. 
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INTRODUCTION 


ImportADCO  of  the  study  of  immunity  from  a  gencR»!  point  of  view.— Part  played 
by  panwitca  in  infective  di»fa8e«. — Intoxicutions  l>y  the  products  of  micro- 
••r^anisma. — Rotiistance  of  tl)e  orguiiigm  tu  tiic  invasion  of  micro-orgonisuLS. 

Katnrul  immunity  and  iic«]uired  immunity. 

llnmuuily  to  micro-urgani»in8  ami  immunity  to  toxin.". 

Thb  problem  of  iniiniiiiity  in  rehition  to  infective  diseases  is  one 
tliat  not  merely  concerns  general  pjithology  but  has  ii  very  iniporUmt 
bearing  ou  all  branches  of  practiciil  medicine,  such  as  hygiene,  surgery 
aii<l  the  veterinary  art.  The  prevention  of  disease  by  the  production 
of  sin  acquired  innnunity  ia  daily  a«<8uniing  greater  iniportîince.  With 
U»e  object  of  arresting  the  multiplication  and  dis.seniination  of 
qiorbific  germs,  we  are  seeking,  by  artificial  means,  to  ixuider  indi- 
vitluaK  who  may  come  in  contact  with  them,  refi*actory  to  their 
pathogenic  action.  Patients  who  have  just  undergone  a  surgical 
operation  antl  women  in  child-lHMl  are  frequently  in  danger  of 
Acquiring  a  iK)!st-operation  disease  or  a  puerjKjnd  atteetion  ;  we  are, 
tlicnTore,  striving  to  protect  them  by  confemug  upon  them  an 
HTtificial  innnunity. 

Tlie  innuunisation  of  animals  useful  to  man  is  likewise  a  question 
of  Huch  gratt  in)])ortance  to  agriculture  and  to  industry'  as  to  have 
now  become  the  object  of  legislation. 

Tlii*  question  of  immunity  is,  however,  apart  from  its  pnictical 
aspect,  intimately  connected  with  problems  of  pure  theory.  Tliere 
can  be  nu  question  that  tlie  marked  pessimism  developed  during 
U>e  century  just  closed  was  in  a  large  measure  prompted  by 
tbc  dread  of  disavse  and  premature  <leatii,  scourges  against  which 
humanity  is  as  yet  powerless.  It  is  recognised  that  Byron  and 
Le<iiKirdi,  the  great  jtoets  of  ]iessimism,  both  sutlcred  fron»  con- 
genital unomaly  and  from  incurable  diseiise  and  that  these  maladies 
cast  u  gloum  over  their  poetry.  Schopenhauer,  the  founder  of  the 
B.  1 
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[2]  pessinÛBtic  school  in  modern  philosophy,  was  noted  for  his  exag- 
gerated fear  of  disease. 

During  the  greater  part  of  the  nineteenth  century  our  knowledge 
as  to  immunity  has  been  limited  to  certain  practical  methods,  often 
efScacious  it  is  true,  but  purely  empirical,  such  as  those  employed  in 
immunising  man  against  small-pox  and  certain  domestic  animals 
against  sheep-pox  or  pleuro-pneumonia. 

So  long  as  the  nature  of  the  yiruses  was  unknown  no  really 
scientific  study  of  their  action  or  of  immunity  from  them  could  be 
made.  The  revelation  of  the  organised  nature  of  the  infective  viruses 
opened  up  the  way  for  these  researches.  This  discovery,  the  out- 
come of  the  demonstration  by  Pasteur  of  the  organised  nature  of 
the  ferments,  has  enabled  us  to  establish  the  part  played  by  living 
agents  in  a  great  number  of  infective  diseases,  and,  linked  with  the 
names  of  Davaine,  Obermeyer,  and  above  all  with  that  of  Robert 
Koch,  it  has  very  greatly  advanced  the  study  of  susceptibility  and  of 
natural  immunity  in  certain  infections. 

A  considerable  forward  step  was  made  with  the  discoveiy,  by 
Pasteur  and  his  collaborators  Chamberiand  and  Roux,  that  it  was 
possible,  in  certain  infective  diseases,  to  confer  immunity  by  means  of 
micro-organisms  which  had  had  their  virulence  attenuated.  Thanks 
to  this  discovery,  science  was  now  in  a  position  to  take  up  the 
thorough,  study  of  acquired  immunity.  The  field  of  research  was  still 
further  enlarged  by  the  demonstration  of  the  immmiising  power  of 
the  culture-products  of  pathogenic  micro-organisms  and  above  all 
by  the  discovery  that  the  blood  of  immunised  animals  is  capable  of 
conferring  immunity  upon  susceptible  animals. 

Before  taking  up  in  detail  the  problem  of  immunity  as  it  is 
revealed  to  us  as  a  consequence  of  these  discoveries,  it  is  essential  to 
cast  a  glance  at  infective  and  allied  diseases  as  a  Mhole  and  to  indicate 
in  what  light  we  look  upon  them  in  view  of  the  present  state  of  our 
knowledge. 

It  has  been  definitely  established  that  many  infective  diseases 
of  man  and  animals  are  due  to  the  invasion  of  small  parasitic 
organisms,  sometimes  of  animal  nature  (as  in  itch,  trichinosis,  malaria, 
Texas  fever,  nagana,  or  surra  and  the  allied  condition  "  dourine  "  in 
horses),  sometimes  belonging  to  the  vegetable  kingdom  like  the 
Moulds  (aspergillosis),  the  Hyphomycetes  (actinomycosis,  Madura  foot 

[3]  disease,  bovine  farcy)  and  the  Yeasts  (disease  of  the  Dajihniae,  some 
pseudomyxomas  and  septicaemias,  pseudolupus).    But  by  fur  the 
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greater  number  of  infective  diseases  are  due  to  the  deyelopment  in 
the  organism  of  plants  of  the  simplest  structure,  Bacteria.  These 
Bacteria  produce  the  gravest  and  most  destructive  infections,  such 
as  tuberculosis,  bubonic  plague,  diphtheria,  cholera,  anthrax,  the 
pneumonias,  suppuration,  erysipelas,  tetanus,  glanders,  leprosy,  &c. 
Among  these  bacteria  some  are  too  small  to  be  resolved  individually 
under  the  highest  magnifying  powers  and  can  only  be  made  out  en 
masse.  Such  is  the  micro-organism  of  the  contagious  pleuro-pneumonia 
of  cattle.  To  this  minuteness  of  certain  pathogenic  Bacteria  is  very 
probably  due  the  fact  that  in  a  considerable  number  of  infections, 
amongst  which  are  scarlatina,  measles,  cables,  sjphilis,  aphthous  fever 
and  small-pox,  it  has  been  impossible,  up  to  the  present,  to  recognise 
any  specific  micro-organisms. 

It  is  prolmble  that  we  shall  succeed  in  discovering  parasites,  not 
only  in  the  diseases  I  have  just  cited,  which  present  the  characters  of 
infective  and  virulent  diseases,  but  also  in  diseases  of  entirely  different 
types.  In  spite  of  the  failure  of  various  attempts  to  demonstrate  the 
parasite  of  malignant  tumours,  it  may  be  hoped  that,  with  improvement 
in  scientific  methods,  such  a  parasite  will  be  unequivocally  demon- 
strated. In  many  other  conditions  which  are  at  present  considered 
as  not  dependent  on  micro-organisms,  an  intimate  connection  with 
such  organisms  will  probably  be  established.  Such  are  the  atrophic 
diseases  and  certain  diseases  of  nutrition  in  which  the  parasites,  with- 
out playing  a  direct  or  immediate  rôle,  act  by  means  of  their  products, 
or  by  the  changes  which  they  set  up  in  the  affected  organism.  To 
give  an  idea  of  this  possibility  it  will  be  useful  to  cast  a  glance  at  the 
various  modes  of  action  of  the  numerous  etiological  agents  in  infective 
diseases.  The  parasites  which  produce  them  have,  as  a  common 
feature,  their  small  dimensions;  they  can  only  be  recognised  with 
precision  by  the  employment  of  high  powers  of  the  microscope. 
They  are  likewise  distinguished  by  a  great  variability,  which  is  not 
astonishing,  since  among  infective  agents  are  found  on  the  one  hand 
animals  of  high  structure  (such  as  the  Acari  of  itch)  and  on  the  other 
plants  of  the  simplest  character  such  as  the  Gonococci  or  the  various 
Cocco-bacilli. 

The  Acari  are  capable  of  perforating  the  epidermis  by  the  mech-  [4] 
anical  action  of  their  feet  and  mouth-parts.    They  excavate  channels 
in  the  skin  and  thus  provoke  the  irritation  so  characteristic  of  itch. 
The  larvae  of  the  Trichinae  in  like  manner  produce  marked  lesions  by 
the  mere  mechanical  act  of  peneti-ation  and  migration  in  the  striped 
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fibre  of  muscular  tissue.  In  human  trichinosis,  however,  the  disease 
picture  is  more  complicated  than  in  itch  and  leads  us  to  assume  tiiat 
there  is  some  additional  action  of  the  excreta  of  the  larvae  in  the 
production  both  of  the  febrile  state  and  of  certain  general  phenomena. 
In  the  nagana  disease  (transmitted  by  thie  Tsetse  fly)  there  is  equal 
reason  to  admit  the  preponderating  i*^  of  the  .mechanical  action^of 
the  flagellated  parasite  {Trypanosoma)  which  obstructs  the  vessels 
of  the  nervous  centres. 

In  the  diseases  which  are  set  up  by  Fungi,  such  as  ringworm  and 
aspergillosis,  the  purely  mechanical  element  still  appears  to  play  the 
more  important  part.  Even  certain  of  the  bacterial  infections  mani- 
fest this  same  character.  Thus,  there  is  no  doubt  that  in  chronic 
tuberculosis  in  the  guinea-pig,  Koch's  bacillus  brings  about  a  substi- 
tution of  tuberculous  elements  for  the  normal  tissues,  and  this  to 
such  a  degree  that,  at  the  termination  of  the  disease,  there  may 
remain  merely  traces  of  the  liver  and  of  the  lungs,  and  the  animal 
dies  for  want  of  these  organs,  whose  normal  action  is  no  longer 
possible.  In  the  tuberculous  guinea-pig  the  phenomenon  of  intoxica- 
tion by  the  bacillary  poisons  plays  but  a  secondary  rôle;  yet  there 
are  examples  of  tuberculosis  (as  in  acute  miliary  tuberculosis  in  man 
or  experimental  tuberculosis  in  cattle,  obtained  by  Nocard's  method 
of  inoculation  into  the  milk  ducts),  where  the  poisoning  assumes 
much  greater  importance. 

Among  the  bacterial  diseases  of  man,  leprosy  may  be  cited  as  one 
in  which  the  intoxication  is  relegated  to  a  subsidiary  position,  yielding 
place  to  the  mechanical  substitution  of  the  specific  granuloma  for  the 
normal  tissues.  It  is  only  in  the  acute  leprous  exacerbations  that  we 
perceive  any  signs  of  intoxication  by  the  products  of  the  leprosy 
bacillus. 

All  the  instances  cited,  however,  constitute  but  a  feeble  minority 
which  is  completely  thrown  into  the  shade  in  the  presence  of  very 
numerous  infections  in  which  the  toxic  element  dominates  the  situation. 
Even  in  carbuncular  diseases  an  exact  analysis  of  their  morbid  phe- 
nomena has  compelled  us  to  recognise  the  marked  influence  of  the 
[5j  poison  produced  by  the  bacterium.  The  mjyority  of  the  micro- 
organisms act  as  poisoners  which  introduce  themselves  into  the 
organism  where  they  can  secrete  toxins  capable  of  provoking  genenil 
disorders  of  very  diverse  natures.  Indeed  in  infective  diseases  a  whole 
gamut  of  very  remarkable  variations  is  produced.  Thus  many  of  the 
micro-organisms  cajmble  of  setting  up  septicaemias  must  multiply 


nbitnilanily  în  the  organism  and  be  dintributed  in  the  blood,  l>efore 
they  cam  produce  a  general  morbid  condition.  Tlie  spirillum  of 
human  recurrent  fever  is  an  example  of  this.  It  multiplies  for  8ome 
day?  and  pi-oduces  several  generations  without  provoicing  the  lcai»t 
nmlaise  ;  then,  however,  their  appearance  in  the  blood  suddenly 
protUiccs  intense  fever  and  constitutional  phenomena  of  the  most 
pronounced  diaracter. 

On  the  other  liand  there  are  certain  bacteria  which  are  dis- 
tinguished by  a  very  much  feebler  reprtuluctive  power,  but  a  more 
marked  toxic  activity.  Incapable  of  spreading  through  the  organism, 
these  bîicteria  remain  localised  at  the  point  of  cjitrance,  where  they 
secrete  their  jwinons  ami  thus  frequently  set  u])  a  fatal  intoxication, 
fx>n>e  of  these  bacteria,  such  as  the  bacilli  of  tetanus  and  of  diphtheria, 
I)enetrate  more  or  less  deeply  into  the  living  tissues  of  tlie  atfeeted 
animal.  Others  can  manifest  tlieir  toxic  action  so  to  speak  at  n 
<1iMt;iiK-e  or  by  simple  conUict  with  the  living  elements.  Into  this 
category  conies  the  organism  of  Asiatic  choient.  Koch's  vibrio,  once 
eetabliKhed  in  the  intestine,  there  secretes  its  poison  ;  this,  absorl>c<l 
by  the  apparently  intact  intestinal  mucous  membrane,  sets  up  a  fell 
discJise,  purely  toxic  in  chur.icter.  It  is  probal>le  tliat  in  the  case  of 
liiOHe  intestinal  diseases  whose  etiology  is  still  unknown,  such  as 
infantile  cholents,  the  poisoning  by  the  products  of  niicro-orgjiuisms 
coustitutea  the  essential  |>henomenou.  The  ndcro-organisms  do  nut 
make  their  way  into  the  bloo«l  or  tissues  ;  they  remain  in  the  contents 
of  Uie  intestine  and  thence  set  uj)  their  deadly  int<ixication. 

Instances  do  exist  in  which  the  pathogenic  micro-organism  disap- 
ftcam  from  the  body,  leaving  there  a  toxin  which,  alone,  is  responsible 
for  death.  Thus  in  the  spirillar  scptiwiemia  of  geese,  the  birds  die 
at  a  stage  when  not  a  single  living  s])irillum  can  be  found  in  the 
body.  The  poisoners  have  been  destroyed  before  the  toxin  produced 
by  them  hati  completed  its  work.  In  other  instances,  e.g.  tyi>hoid  fever 
of  ll»e  horse,  the  specific  micro  organism  likewise  disappears  before 
tJie  death  of  ttie  animal  ;  but  at  the  jieriod  when  the  itoison  of  thÎB 
bactcritmi  finishes  its  fatal  work,  there  is  a  secon<lary  invasion  of  [6] 
other  niicr(»-organisms  wliicli  have  nothing  to  do  with  the  typhoid 
fcrer  jjroper  of  the  horse. 

This  great  variability  in  the  action  of  the  different  pathogenic 
agents  is  still  further  increased  through  the  differing  relations  Ix^ween 
tlte  iMirnsites  and  the  affected  organism.  Certain  micro-organisms 
are   csipable  of  protlucing  a  typical  disease,  whatever  may  be  the 


mode  and  seat  of  invasion  of  the  organisno.  But  these  are  conipai*s 
lively  few  in  number.  The  IkicIHuîs  of  tuberculosis  belongs  to  tbif 
minority.  Whether  it  enters  subcutaneously,  by  the  eye  or  by  th< 
respiratory,  digestive  or  genito-urinary  passages,  it  invariably  pro 
duces  tubercular  lesions  more  or  less  grave  and  more  or  less  capabh 
of  generalisation.  On  the  other  hand,  a  very  large  number  of  micro- 
organisms  only  exert  tlieir  pathogenic  action  when  they  invade  tb« 
organism  at  definite  points.  The  anthrox  bacillus,  when  introducec 
through  the  slightest  lesion  of  the  skin  or  of  the  mucous  membraneaj 
produces  in  man,  and  iu  a  large  innnber  of  manmials.  a  very  grav* 
and  usually  fativl  disease;  when  absorbed  in  the  vegetative  state  witl 
food,  it  is  almost  always  innocuous.  With  the  cltolera  vibrio  vri 
have  an  exactly  opposite  condition  of  affuii"s.  When  inoculated,  evei 
in  large  numljcrs,  below  the  skin  in  the  Iininan  subject,  it  rapidlj 
disappears,  producing  merely  insignificant  disturbances  ;  but  whei 
the  same  vibrio  is  introduced  into  the  tligcstive  canal  it  develops  an( 
produces  Asiatic  cholera,  a  disease  so  often  terminating  in  death. 

All  these  variations  and  peculiarities  associated  with  the  nature  a 
infective  agents  are  of  great  importance  from  the  point  of  view  a 
imnnmity. 

Do  diseases  come  from  without  or  do  their  causes  arise  within  th( 
organism?  is  a  pressing  question,  long  discussed  by  patliulogistai 
Those  who  have  discovered  most  of  the  pathogenic  micro-organism* 
have  ranged  tliemselves  on  the  side  of  the  former  hypothesis.  Foi 
the  majority  of  them  the  essential  etiological  fiictor  in  the  causatioi 
of  infective  <liseascs  consists  in  t!ie  invasion  of  tiio  patient  by  tin 
pathogenic  micro-organism  from  the  outer  world.  This  theory  is  il 
perfect  harmony  with  many  of  the  admitted  fact«  of  epiileniiolog^ 
according  to  which  the  viruses  of  the  most  deadly  epidemic  diseases 
such  as  Asiatic  cholera,  yellow  fever,  and  bubonic  plague,  must  b( 
imported  into  a  country  previously  free  from  tlie  disease  before  ai 
epidemic  can  be  develo]»cd.  In  authmx  and  trichinosis  it  is  recognise< 
[7]  that  the  parasites  must  come  from  without.  Hence,  iu  the  study  o 
pathogenic  micro-organisms  one  always  follows  the  rule  that  it  i 
essential  to  tind  the  6«])ecific  micro-organism  in  all  ca.scs  of  the  diseaai 
in  question  and  to  prove  its  absence  in  healthy  individuals^  or  il 
those  wlio  are  affected  with  other  diseases.  Thus,  Koch',  in  his  classica 
researches  on  Asiatic  cholera,  insisted  on  the  fact  that  the  cholen 
vibrio  was  always  found  in  cases  of  this  disease  but  never  in  healtir 
»  Deutiche  med.  Wchnichr.,  Leipiift  1884,  SS.  499,  519. 


f>ersons.  Almost  simultaneously  lyoeffler',  in  the  couri'e  of  his  work 
OH  the  etiology  of  diphtlieria,  demonstrated  tlie  presence  of  a  speeific 
bacillus  not  only  in  a  large  number  of  cases  of  tliis  disease  but  aUo  in 
the  tiirout  of  a  healtliy  child;  and  this  fact  at  tii-st  prevented  him 
from  accepting  this  bacillus  as  the  real  cause  of  diphtheria. 

This  view  accepted  by  two  such  eminent  bacteriologists  cannot 
however  be  maint^iined.  It  is  impossible  to  assume  that  each  time 
that  a  pathogenic  micro-organism  makes  its  way  into  a  susceptible 
«pccics  its  presence  must  inevitably  be  followetl  by  the  protluctiou  of 
the  specific  disease.  Altliougti  the  fliscovery  by  Ix>efflcr  of  the 
diphtheria  bacillus  in  tlie  throat  of  liealthy  individuals  haa  repeat- 
edly been  confirmed,  it  is  impossible  to  doubt  the  etiological  ruk  of 
this  organism  in  diphtheria.  Moreover,  it  has  Ix'en  estiiblished  that 
Kochs  vibrio,  although  undoubtedly  the  etiological  factor  in  tho 
production  of  Asiatic  cholera,  has  nevertheless  been  recognised  in  the 
digestive  canal  of  perfectly  healthy  persons. 

As  soon  as  he  is  bom,  man  becomes  the  habitat  of  a  very  rich 
microbial  flora.  Tlie  skin,  the  mucous  niembmnes,  and  the  gastro- 
intestinal contents  become  stocked  with  such  a  flora,  but  a  very  small 
nunilxjr  of  these  micro-organisms  have  up  to  the  present  been  recog- 
Di»e<l  or  described.  The  buccal  «ivity,  the  stomach,  the  intestines 
and  the  genital  organs  offer  a  fee<litig  ground  for  Bacteria  and 
inferior  Fungi  of  various  kinds.  For  long  it  was  thought  that  in 
healthy  individuals  all  these  micro-organisms  were  inofllensive  and 
sometimes  even  lu^eful.  It  was  supiwjsed  that  when  an  infective 
inala«ly  was  set  up  a  Hi)ecific  pathogenic  micro-organism  was  addeil  to 
the  benign  flora.  Exact  bsicteriological  researches  have,  however, 
clearly  demonstnxted  that  as  a  matter  of  fact  the  varied  vegetjitiou  in 
healthy  persons  often  includes  representatives  of  noxious  species  of  [8] 
bacteria.  Besi<les  the  diphtheria  bacillus  and  the  cholera  vibrio,  which 
have  rei)eate<lly  l)een  found  in  a  vindent  form  in  perfectly  healthy 
individuals,  it  has  been  demonatmted  that  certain  pathogenic  micro- 
organisms, e,g.  the  Pneumococciis,  staphylococci,  streptococci  and  the 
Bacillus  Colt,  are  always,  or  almost  constantly,  found  among  the 
microbial  flora  of  healthy  persons. 

This  observation  has  necessarily  led  to  the  conclusion  that  in 
aihlition  to  the   micro-organism   there  exists  a  secondary  csiuse  of 
infective  diseases— a  predisposition,  or  absence  of  immunity.    An  in- 
dividual in  whom  one  of  the  alx)ve-mentioned  pathogenic  species  ia 
I  Mitlh.  aus  d,  K.  Gt$undhetUamte,  Berlin,  1864,  Bd.  il  S.  421. 
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preseu.  manifests  a  permanent  or  transîtOTT  refiractofr  state  as  regardf 
tlik  specific  orçanisn.  An  soon  howerer  as  tbe  canse  of  thù  inmmnitj 
ceaies  to  act.  the  micro-organbm  gets  the  upper  hand  and  sets  op  the 
specific  dkieaiK.  It  b  thus  in  diabetic  persons  that  boQs  make  theiri^ 
peannoe  as  the  resolt  of  the  derelopment  of  StaphjfloeoeeMê  pjfogene» 
a  micTO-orçantèm  that  is  almost  always  found  in  abundance  on  the 
skin  and  mucous  membranes  of  the  human  subject.  The  diabetes  is 
in  these  caBe&  the  cause  of  the  suspension  of  the  immunitr  wfaid 
cxi>tê  in  the  healthy  indifidnaL 

People  vbo  carry  the  Pneumococeut  on  tbdr  mucous  membrano 
may  remain  for  long  without  being  attacked  by  fibrinous  pneumooii 
or  any  of  the  other  maladies  due  to  this  micro-organism.  But  oflen 
in  consequence  of  some  special  circumstance,  a  cold  for  example^  tl» 
rHractory  state  gives  way  to  a  more  or  less  marked  susoeptibiUty. 

It  is  nnneceseaiy  to  multiply  the  number  of  such  examples;  the; 
demooatrate  in  the  clearest  fitsbion  that,  in  addition  to  the  canae 
of  disease  whidi  come  frxHu  the  outer  world  and  which  are  representee 
by  the  micro-organisms,  there  are  yet  other  causes  which  lie  withii 
the  or^pnism  it^lC  When  these  internal  fectors  are  powerless  it 
prerent  the  deTclopment  of  the  morbific  germs,  a  disease  is  set  up 
when,  on  the  other  hand,  they  resist  the  invasion  of  the  micro 
organisms  properiy,  the  organism  is  in  a  refractory  condition  am 
exhibits  immunity. 

Iriâeases  in  general  and  infective  diseases  in  particular  wer 
devekvped  on  the  earth  at  a  very  remote  epoch.  Far  from  beinj 
peculiar  to  man.  animals  and  the  higher  plants,  they  attack  inferio 
fonns  and  are  widely  distributed  among  unicellular  organisms,  In 
y.  fttàoria  and  Algae.  Diseases  undoubtedly  play  an  important  rule  ii 
the  history  of  life  on  our  planet,  and  it  is  very  probable  that  the; 
have  contributed  in  a  mariced  degree  to  the  extinction  of  certaii 
q)eeie&  When  we  observe  the  ravages  produced  by  parasitic  Fung 
among  the  young  fish  which  we  are  trying  to  rear,  or  the  destmctioi 
of  crayfish  in  certain  countries  in  consequence  of  the  rapid  increaa 
of  epizootic  germs,  we  are  involuntarily  led  to  the  conclusion  tha 
pathogenic  micro-organisms  must  have  brought  about  the  disappear 
ance  of  certain  animal  and  vegetable  siiecic«. 

Darwin',  in  the  chapter  ou  the  extinction  of  species  in  his  bool 
Om  th(  Origin  of  Spécifia,  states  uix)n  tbe  authority  of  severa 
observers  that  insects  so  annoy  elephants  tliat  these  lar^ge  miMnmfll 
»  -  On  the  Origin  of  Specie»."  6th  cd^  London,  IST2,  Chapter  ii,  pt.  277. 


tïêcome  Incapable  of  reproducing  themselves  in  sufficient  numbers. 
Now  it  is  proved  that  many  Insecte  inoculate  i)athojrenic  micro- 
on^tnisms  and  thus  transmit  destructive  diseases.  A  nioBt  for- 
midable epiziMttie  disease,  provoked  by  a  flagellated  InfuHorium,  the 
Tri/fMtiiogotna  hnicci,  is  inoculated  into  large  mammals  iu  South 
Afi*ioi  by  a  fly,  the  Tsetse  fly;  in  certain  districts  this  disease  is  so 
wiilespread  and  so  destructive  that  the  rearing  of  domestic  animala 
becomes  impossible. 

Parasites  strike  then  with  great  intensity,  bringing  about  the 
«Icstniction  of  numerous  human  beings,  animals  and  plants.  Xever- 
tbcless,  in  spite  of  the  disapjKnirauce  of  a  large  number  of  species, 
the  worhl  continues  weW  populated.  This  fact  proves  that,  by  the 
special  means  at  the  <lis])osal  of  the  organism,  without  any  aid  of  the 
medical  art  or  special  human  intervention,  many  living  species  have 
behl  their  own  ihrougliout  the  ages.  Everybctdy  has  seen  Iiow  dog» 
lick  their  wounds,  moistening  them  with  a  sidiva  full  of  micro- 
organisms. These  wounds  heal  mcII  aud  quickly  without  dressings 
or  antiseptics. 

In  all  these  examples  the  resistance  of  the  organism  depends 
un  innnunity,  a  condition  very  general  in  nature.  Tiiis  immunity 
against  infective  diseases  is  very  complex  and  its  thorough  study 
rouhl  only  \tc  undertaken  after  wc  had  îvcquircd  an  extended  knowledge 
of  thc*se  diseases,  and  after  adequate  methods  of  research  had  been 
deviseil. 

By  immunity  against  infective  discjises  we  undei^stand  the  re-  [lo] 
«i«tance  of  the  organism  against  the  micro-organisms  wliich  cause 
thcAc  diseases.  We  have  here  to  do  with  an  organic  projierty  of 
living  beings  and  not  with  the  innnunity  which  belongs  to  certain 
Countries  or  localities.  For  this  reason  infoimation  on  the  causes 
of  the  innnunity  hi  Europe  and  in  mountainous  regions  from  yellow 
fever  will  not  be  foniul  in  this  botik,  nor  why  the  majority  of 
Europeans  do  not  take  recurrent  fever.  The  inhabitants  of  our 
continent  do  not  possess  orgiinic  immunity  agsiinst  either  the  vims 
of  yellow  fever  or  Obermeyers  spirillum  of  recurrent  fever.  Indeed 
they  are  very  susceptible  to  these  diseases.  It  is  solely  the  con- 
tiilions  of  life,  in  the  majority  of  European  countries,  that  prevent 
the  invasion  by  the  8i>ecific  germs  and  the  creation  of  epidemic 
foci.  The  same  point  of  view  ought  also  to  be  applied  to  animals. 
<  hjr  small  laboraUiry  rodents,  mice  and  gidnea-pigs.  are  umch  more 
flu^ceptible   to  anthnix,  whether   inoculattnl  beneath  the  skin  or 
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in  any  other  part  of  the  body,  than  are  the  large  domestic  mammals 
such  as  the  ox  and  the  horse.  And  yet  these  latter  are  very 
liable  to  epizootic  anthrax,  whilst  the  rodents  mentioned  are  seldom, 
if  ever,  attacked  by  spontaneous  anthrax.  This  apparent  immunity 
in  no  way  depends  on  the  existence  of  a  true  immunity  of  the 
organism,  but  solely  on  the  conditions  under  which  mice  and  guinea- 
pigs  live. 

We  shall  therefore  in  this  volume  treat  only  of  the  phenomena  of 
organic  immunity  in  living  beings,  and  the  problem,  even  restricted 
within  these  limits,  still  appears  sufficiently  complex.  With  the 
object  of  rendering  its  study  as  easy  as  possible,  it  will  be  useiiil  to 
commence  by  giving  an  account  of  the  phenomena  of  immunity  in  the 
lowest  organisms 

Immunity  against  infective  diseases  should  be  understood  as  the 
group  of  phenomena  in  virtue  of  which  an  organism  is  able  to  resist 
the  attack  of  the  micro-organisms  that  produce  these  diseases.  It 
is  impossible,  at  present,  to  give  a  more  precise  definition,  and 
useless  to  insist  upon  it.  Some  have  thought  it  necessary  to  dis- 
tinguish between  immunity  pro^ierly  so  called,  that  is  to  say  a 
permanent  refractory  state,  and  "resistance,"  or  a  very  transient 
property  of  opposing  the  invasion  of  certain  infective  micro-organisms. 
It  is  not  possible  to  maintain  this  distinction,  for  in  reality  the  limits 
between  these  two  groups  of  phenomena  are  far  from  being  constant 
[11]  Immunity  may  be  inborn  or  acquired.  The  former  is  always 
natural,  that  is  to  say,  independent  of  the  direct  intervention  of 
human  art.  Acquired  immunity  is  also  often  natuitd,  from  the  fact 
that  it  is  established  as  the  result  of  the  spontaneous  cure  of  an 
infective  disease.  But  in  a  great  number  of  cases  acquired  immunity 
may  be  the  result  of  direct  human  intervention  as  in  the  practice 
of  vaccination. 

For  a  long  time  all  the  phenomena  of  immunity  against  infective 
diseases  were  collected  into  a  single  group.  Later,  it  was  recognised, 
as  the  result  of  the  demonstrations  summarised  at  the  beginning  of 
this  chapter,  that  it  is  necessary  to  disthiguish  sharply  between 
immunity  against  the  pathogenic  micro-organisms  themselves  and 
that  against  microbial  poisons.  Hence  the  idea  of  antimicrobial 
and  antitoxic  immunities.  In  the  course  of  this  work  this  essential 
distinction  must  always  be  borne  carefully  in  mind. 


CHAPTER  I 

IMMUNITY  IN  UNICELLULAR  ORGANISMS 

Infective  diseases  of  unicellular  organisms. — Intracellular  digestion  in  the  Protozoa. —  [13] 
Amoebo-diastase.— Part  played  by  digestion  in  the  defence  of  the  Protozoa 
against  infectire  parasites. — Defences  oîtbeParnmaecia  against  micro-organisms. 
— Part  played  by  irritability  in  defence  in  the  lower  organisms. 

Immunity  of  unicellular  organisms  to  toxins. — Acclimatisation  of  Bacteria  to  toxic 
substances. — Protective  secretion  of  membranes  by  Bacteria. 

Adaptation  of  the  Protozoa  to  saline  solutions — of  yeasts  to  poisons — of  yeasts 
to  milk-sugar. 

Irritability  of  unicellular  organisms  and  Weber- Fechner's  psycho-physical  law. 

The  immunity  of  unicellular  organisms  against  infective  diseases  and 
against  toxic  agents  is  as  yet  very  imperfectly  understood.  Never- 
theless, it  will  be  very  useful  for  us  to  begin  our  study  of  the  problem 
of  immunity  on  these  lower  organisms,  because  of  their  greater 
general  simplicity.  It  may  be  affirmed  that  if  the  line  of  comparative 
pathology  had  been  followed  in  our  study  of  the  etiology  of  diseases 
of  man  and  the  higher  animals,  the  parasitic  nature  of  these  infections 
would  have  been  established  considerably  earlier  than  was  the  case. 
Thus,  at  a  period  when  medical  men  and  veterinary  surgeons  were 
content  to  record  the  presence  of  Bacteria  in  the  blood  of  their 
patients,  without  attributing  to  them  the  slightest  etiological  rôle, 
botanists  and  zoologists  had  already  proved  most  definitely  that 
many  plants  and  lower  animals  were  subject  to  epidemic  diseases 
undoubtedly  set  up  by  the  parasitism  of  various  exceedingly  simple 
organisms.  In  the  same  year,  1855,  that  PoUender*  published  his  first 
observations  on  the  bacterium  found  in  the  blood  of  animals  afiected 
by  anthrax  though  he  could  not  trace  the  slightest  relation  between 
the  presence  of  this  organism  and  the  etiology  of  the  disease,  the 

»  Vrt^tchr.f.gerichO.  Med.,  Berlin,  1856,  S.  102. 
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■*  celebrated  botanist  Alexander  Braun'  issued  his  work  on  the  genus 
[14]  Chytridium,  in  which  he  demonstrated  the  fact  that  certain  plants 
and  flagellated  Infosoria  suffer  from  the  invasion  of  a  small  mobile 
parasite  which,  attaching  itself  to  their  body-wall,  absorbs  the 
contents  and  so  destroys  its  hosts,  causing  a  very  great  mortality 
among  them.  The  cycle  of  development  in  the  Chytridia,  established 
by  Braun,  left  no  doubt  as  to  the  accuracy  of  his  view  and  even 
renders  it  possible  for  us  to  interpret  more  accurately  the  earlier 
observations  of  Stein,  on  the  supposed  evolution  of  certain  Infiisoria, 
by  showing  that  the  changes  observed  in  these  organisms  were  in 
reality  due  to  an  invasion  by  Chytridia. 

Since  these  observations  were  made  it  has  been  clearly  demon- 
strated that  among  the  unicellular  organisms,  certain  Flagellata  and 
ciliated  Infusoria  are  subject  to  infective  maladies  the  result  of 
parasitism  of  the  Chytridiaceae,  a  group  of  the  lower  Fungi.  Small, 
mobile,  colourless  cells  attach  themselves  to  the  surface  of  the 
Protozoa,  penetrate  into  their  interior  and  absorb  the  greater  part 
of  their  living  content  Sometimes  these  parasites  multiply  in  a  most 
extraordinary  fashion  and  destroy  enormous  numbers  of  the  Infiisoria. 
Thus,  Nowakowski*,  who  has  given  a  very  detailed  description  of 
PolypJiagm  euglenae,  the  Chytridium  of  the  common  green  fresh- 
water Eiiglena,  records  the  disappearance  of  the  Euglenae  from 
his  aquaria  glasses:  the  parasites  "were  reproduced  in  such  great 
abundance  that  ultimately  they  had  completely  replaced  the  Euglenae." 

The  Flagellata,  subject  to  infection  by  Chytridia,  are  found  almost 
exclusively  amongst  those  genera  {Cryptomonas,  Chlamydomonas, 
Haetnatococais,  Phactie,  Volvox,  etc.)  which  are  nourished  after  the 
fashion  of  vegetables,  that  is  by  the  absorption  of  substances  dissolved 
in  the  suiTounding  fluids.  It  is  very  remarkable  that  in  the  group  of 
ciliated  Infusoria  this  parasitism  of  the  Chytridia  is  observed  almost 
solely  in  the  encysted  forms,  that  is  to  say,  at  a  stage  when  the 
animalcules,  surrounded  by  their  envelope,  do  not  take  any  nourish- 
ment The  invasion  by  the  Chytridia  has  been  demonstrated  in  the 
case  of  the  cysts  of  the  Vorticellina,  Oxytrichinina,  Nassida,  eta' 
These  fUcts  indicate  that  the  absence  of  the  digestion  of  solid 
aliments,  such  as  occurs  in  almost  all  the  ciliated  Infusoria,  con- 

>  "Ueber  Chytridium,"  in  Jifonattber.  d.  Berliner  Akad.,  1855,  June,  No.  14. 
»  Cohn'B  "  BeitrSge  lur  Biologie  der  Pflanzen,"  Breslau,  1876,  Bd.  ii,  S.  210. 
3  For  the  parasites  of  Infusoria,  cf.  Biitschli  in  Bronn's  "  Klaaseu  uad  Orduungen 
d.  Tiiier-Reichs,"  Leipzig,  1885—1889,  Bd.  i,  Sa  872,  1823, 1944. 
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stitutes  a  condition  favourable  to  infection  by  the  Chytridia.   Whilst  [ic] 
the  growth  of  Yolvocina,  Euglenae  and  their  allies  is  almost  always 
interfered  with  by  very  destructive  parasitic  epidemics,  the  ciliated 
Infusoria,  capable  of  seizing  and  digesting  lower  organisms,  may  be 
cultivated  and  flourish  for  a  very  long  period.    Thus  Balbiani'  has 
watched  one  of  his  cultures  of  Paramae(n,um  aurelia  multiply  and 
thrive  in  splendid  condition  for  14  years  in  succession.    Now  these 
Infusoria  readily  adapt  themselves  to  ordinary  water  untreated  to 
render  it  more  hygienic.    Such  water  swarms  with  all  sorts  of  lower 
organisms,  among  which  are  the  Chytridia  and  numerous  Bacteria,  but 
the  Paratnaecia  and  Infusoria  in  general  feed  upon  these  organisms 
and  contribute  largely  to  the  purification  of  the  water.    Almost  the 
whole  body-contents  in  a  ciliated  Infiisorian  is  made  up  of  a  digestive 
protoplasm    into  which    the    captured  Bacteria  and  other   lower 
organisms   are   conveyed;    the   nutrient   particles   becoming   sur- 
rounded by  transparent  vacuoles,  in  which  the  ingested  organisms 
are  killed  and  digested.  The  food  contained  in  the  vacuoles  circulates 
in  the  endoplasm   of   the   Infusoria  by  means  of  the  streaming 
movements  of  this  layer.    The  digestive  vacuoles  become  filled  with 
a  fluid  having  a  distinctly  acid  reaction.    Formerly,  in  order  to 
demonstrate  this  reaction.  Infusoria  were  allowed  to  ingest  small 
granules  of  blue  litmus  which  after  a  certain  time  became  more 
or  less  intensely  red  ;  but  the  use  of  aniline  colours  has  much 
simplified   the   study  of   digestion   in  microscopic  organisms.    By 
introducing  a  solution  of  alizarin  sulpho-acid  into  a  liquid  con- 
taining Infusoria,  the  yellow  staining  (characteristic  of  the  acid 
reaction)  of  the  digestive  vacuoles  can  be  readily  made  out    When 
the  Infusoria  ingest  small  clumps  of  alkaline  substances,  stained 
violet  by  this  reagent,  the  vacuoles  take  on  a  red  tint,  indicating 
the  acidity  of  their  contents*.    Another  aniline  colour,  neutral  red 
(Neutralroth),  introduced  into  microscopical  technique  by  Ehrlich', 
enables  us  to  demonstrate  the  acid  reaction  in  the  digestive  vacuoles 
even  within  a  few  minutes.  Thus,  in  Paramaecia  treated  with  a  dilute 
solution  of  this  reagent,  the  digestive  vacuoles  at  once  assume  the 
deep  rose  tint,  characteristic  of  an  acid  reaction.    This  coloration  is 
observed  during  the  life  of  the  Infusorian,  but  immediately  after  death  [16] 

>  Arch,  d'anat.  microtc,  Paris,  1898,  t  ii,  p.  028. 

'  Le  Uantec,  "Recherches  sur  la  digestion  intracellulaire,"  Lille,  1891,  p.  63. 

^  Ehrlich  u.  Lazarus,  "Die  Âniimie,"  in  Nothiiagel's  "Speciello  Futhoingie  u. 
Thérapie,"  Wien.  1898,  Bd.  viii,  I*"  Theil,  8.  85;  also  "Pathology  of  the  Blood," 
authorised  English  translation,  Cambridge,  1900,  p.  125. 
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the  vacuoles  becorae  brownish  and  then  completely  lose  their  colour. 
This  reaction,  easily  demonstrated,  indicates  that  neutralisation  of  the 
acid  of  the  vacuoles  by  the  protoplasm  and  the  surrounding  water, 
both  of  which  are  alkaline  in  reaction,  has  taken  place. 

In  a  medium  distinctly  acid  the  Infusoria  digest  their  prey  which, 
in  a  very  great  number  of  cases,  consists  of  Bacteria.  These  micro- 
organisms are  swallowed  and  carried  into  the  digestive  endoplasm 
in  the  living  condition  ;  we  have  evidence  of  this  in  the  active 
movements  of  a  certain  number  of  the  bacteria  ;  at  first  they  are 
found  isolated  in  the  interior  of  the  vacuoles,  but  later  they  collect 
into  more  or  less  compact  clumps.  These  masses  of  micro-organisms 
undergoing  digestion,  when  treated  with  neutral  red  assume  a  very 
deep  rose  tint,  preserving  their  bacillary  form  to  the  end,  that  is  to 
say  up  to  the  extrusion  of  the  e£fete  or  waste  material.  There  is, 
indeed,  only  very  imperfect  dissolution  not  only  of  the  bacilli  as  a 
whole  but  also  of  their  contents.  Paramaecia  placed  amongst 
cholera  vibrios  swallow  them  greedily  and  in  great  numbers, 
digesting  them  as  they  would  any  other  micro-organism.  I  have 
never  been  able  to  see  any  conversion  of  vibrios  into  granules  going 
on  within  the  digestive  vacuoles. 

All  the  attempts  that  have  been  made  in  my  laboratory  to  extract 
a  digestive  fluid  from  Paramaecia  have  failed  entirely.  Very 
large  quantities  of  these  Infusoria,  obtained  by  filtration  of  rich 
cultures,  and  macerated  by  diflèrent  methods,  have  proved  inactive 
even  in  the  case  of  those  Bacteria  which  constitute  their  normal  food. 

Intracellular  digestion  in  the  Infusoria  unquestionably  takes 
place  as  the  result  of  the  action  of  some  diastase  ;  but  firom  the 
impossibility  of  observing  the  action  in  vitro  the  properties  of  this 
diastase,  except  that  it  can  act  in  a  distinctly  acid  mediimi,  cannot  be 
determined. 

Even  less  is  known  concerning  the  digestion  of  Rhizopods  than 
concerning  that  of  Infusoria.  It  has  long  been  recognised  that, 
in  the  m^ority  of  cases,  Amod>a,  Activuyphrys  and  Rhizopods  in 
general,  absorb  a  nourishment  composed  of  lower  plants  and 
animals,  which  are  taken  into  the  protoplasmic  body  by  means  of 
the  movements  of  amoeboid  processes,  pseudopodia  or  lobopodia. 
[17]  Once  within  the  Rhizopod  the  nutritive  particles  are  surrounded 
by  a  digestive  fluid,  in  which  the  presence  of  acid  may  be  recog- 
nised by  means  of  colour  reactions.  The  addition  of  a  drop  of 
Ehrlich's  neutral-red  to  Amoebae  in  the  act  of  digesting  Bacteria 


Jmmunity  in  Unicellular  Organisms  15 

at  once  gives  the  acid  colour  reaction  (Fig.  I  ).  Rhumbler *  has  described 
very  precisely  and  with  much  detail  the  wayin which 
the  Amoehae  behave  when  they  are  incorporating 
filaments  of  OsciUaria  very  much  longer  tiian 
their  own  bodies.  He  has  also  described  the 
digestion  that  these  Algae  undergo;  a  process 
m<»t  characteristic  in  those  cases  where  a  portion 
only  of  the  filament  has  been  taken  into  the  /^  '"  '• 

interior  of  the  Amoeba  and  there  subjected  to  pj  j  ^^  Amoeba 
the  digestive  action.  Whilst  the  free  part  of  treated  with  neutrai- 
the  Oscillaria  retains  its  normal  properties  and  '  '  '*■ 
appears  of  a  bluish  green  colour,  the  ingested  portion  progressively 
changes  colour,  assuming  first  a  deep  green  tint,  then  becoming 
light  yellow,  orange  yellow,  brown  and  finally  reddish  brown. 
Simultaneously  the  cellulose  wall  of  the  Alga  begins  to  soften, 
and  the  cells  break  up  into  minute  fragments  which  are  soon 
extruded.  The  food  is  seldom  completely  digested  and  there  is 
always  an  abundant  residual  material  which  is  thrown  out  in  the 
form  of  solid  excreta. 

Although  it  is  fully  recognised  that,  in  the  Rhizopods,  digestion 
goes  on  in  a  medium  distinctly  but  feebly  acid,  and  that  the 
intervention  of  some  soluble  ferment  is  essential,  our  ideas  on  this 
subject  were  very  vague  until  the  publication  of  the  researches  of 
Mouton',  carried  out  with  great  care  in  the  Pasteur  Institute.  In 
order  that  he  might  obtain  exact  results  Mouton  made  use  of 
cultures  of  Amoebae  grown  on  agar,  in  association  with  the  Badllus 
coli  which  served  them  as  food.  The  bacilli  were  ingested  in  large 
numbers,  became  enclosed  in  vacuoles  and  were  digested  by  a 
ferment  which  Mouton  was  able  to  obtain  in  vitro.  To  that  end 
he  collected  large  numbers  of  Amoebae,  and,  after  centrifugalising 
them  in  water,  treated  the  deposit  with  glycerine.  On  adding  alcohol  [18] 
he  obtained  a  precipitate  readily  soluble  in  water. 

The  fluid  thus  obtained  exerted  an  undoubted  digestive  action 
upon  albuminoid  substances.  It  readily  liquefied  gelatine  and  even 
attacked,  though  feebly,  albumen  coagulated  by  heat  ;  flakes  of  fibrin 
heated  to  58°  C.  remained  unaltered.  There  was  present  then,  in 
this  fluid  derived  from  Amoebae,  a  proteolytic  diastase  of  feeble 
activity.    On  the  other  haad,  this  extract  contained  neither  sucrase, 

*  Arch.  f.  Enlwiekelungimech.,  Leipzig,  1898,  Bd  vii. 

*  Compta  rend.  Acad.  d.  Sci.,  Paria,  1901,  t  cxxxui,  p.  244. 
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capable  of  inverting  cane  sugar,  nor  lipase,  capable  of  digesting  fatty 
matters. 

The  aniocbo-diastase  of  Mouton  must  be  classified  with  tbe 
trypsins.  It  is  very  active  in  a  distinctly  alkaline  metliuni  and 
continues  the  diastatic  action  even  when  the  medium  become» 
weakly  acid  (a  feature  tliat  corresponds  to  the  reaction  observe*! 
in  Amoebae,  treated  with  appropriate  staining  agents).  The  amoebo- 
diastase  is  affected  at  a-s  low  a  temperature  as  54'  C  and  at  60"  C. 
is  rendcre»!  completely  inactive. 

A  question  of  especial  importance  is  that  concerning  the  action 
of  the  araoeljo-diastase  upon  Bacteria.  The  numerous  expérimenta 
of  Mouton  directed  to  the  solution  of  this  [K)iut,  and  made  with 
living  Bacillus  coli  communis,  gave  negative  results.  If,  liowever, 
these  bacilli  were  previously  killed  by  heat  or  by  chloroform, 
tiiey  were  at  once  attacked  by  tlie  soluble  amoebo-femicnt.  Opa- 
lescent emulsions  of  these  deatl  bacilli,  iucjipable  of  undergoing  self- 
digestion  of  any  kintl,  Iwcamo  tnuisptirent  after  remaining  for  some 
time  in  contact  with  the  extract  of  A»u>cb(a:  The  araoebo-diastase, 
then,  undoubtedly  digests  dead  bacilli  in  vitro,  whereas  in  the  body 
of  the  Amoebae  the  ingeste<l  bacteria  are  attiicked  whilst  still  living. 
As  a  result  of  these  observations  it  must  be  concluded  that  only  a 
fructionat  part  of  the  diastase  is  e.vtiiietcd  in  the  solution  prepared 
by  Mouton. 

Tills  intracellular  digestion  in  the  Protozoa  serves  not  merely  for 
the  nutrition  of  these  orgiuiisms,  but  also  as  a  protection  against 
iTifective  ]mra»ites.  The  protoplasm  of  the  Infusoria,  with  its  vacuolar 
secretions,  has  a  general  digestive  action  ou  everything  that  comes 
within  its  reach.  If  the  iutenml  structures,  such  as  the  nuclei  and 
the  pulsatile  vacuoles,  resist  this  process,  it  is  undoubtedly  because  fl 
thev  iJosscss  a  nower  of  defeiuliiig  themselves  agîiinst  the  attack  of  " 


« 


jcy  possess  a  power  ot  ueteiuimg  inemseives  agîim 
the  digestive  secretions.  Thus,  us  brought  out  in  the  l)eautiful 
[19]  researches  of  Maupas',  the  macronucleus  of  the  Paramaecia  is,  at 
a  ceitain  stage  in  the  life  of  the  Infusorian,  couiplctely  digested  by 
the  protoplasm  just  as  is  any  otlier  nutrient  substance  introducwi 
from  outside.  It  must  be  admitted  that  in  this  case  tbe  nucleus  has 
ceased  to  protlucc  the  protx-ctive  substance  which,  under  ordinary 
conditions,  inteiiercs  with  its  being  digested. 

A  struggle  similar  to  that  observed  lietween  the  nucleus  and  the 
digestive   content  of  the  Protozoa  goes  on   between  these  latter 

'  Aveh.  tie  sDol.  eJtpir.,  Paris,  1889,  2™  aerie,  t.  vii,  p.  440. 
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organisms  and  infective  microbes.  All  organisms  whichj  in  any  way 
whatever,  penetrate  into  the  body  of  an  Infusorian  or  Rhizopod,  are 
brought  into  contact  with  the  digestive  endoplasm  of  these  Ftotozoa. 
If  the  intruders  are  killed  and  partially  digested  by  the  digestive 
secretions,  or  are  expelled  as  excrementitious  matter,  the  Protozoon 
remains  unii^jured  and  continues  its  normal  and  routine  existence. 
Here,  then,  we  have  an  example  of  natural  immunity,  due  to  intra- 
cellular digestion.  On  the  other  hand,  when  the  foreign  parasitic 
organism  resists  this  digestive  action,  it  instals  itself  permanently  in 
the  body  of  the  Protozoon,  and  should  it  reproduce  itself  in  small 
numbers  merely,  excrete  no  poison  and,  in  general,  exercise  no 
injurious  influence  upon  its  host,  the  parasite  may  readily  become 
a  commensal.  Thus,  it  is  not  rare  to  find  in  the  contents  of  Infusoria 
and  Radiolaria  small  vegetable  organisms  of  the  genera  Zoochlordla 
or  Zooxanthella  which  not  only  set  up  no  disease  but,  owing  to  their 
assimilation  of  carbonic  acid,  may  even  be  useful  to  their  hosts. 
There  are  cases,  however,  where  the  parasites  act  in  a  manner  more 
or  less  injurious  to  the  Protozoa  containing  them  ;  in  such  cases 
a  true  and  sometimes  fatal  infection  results. 

Among  the  infective  diseases  of  the  Protozoa  the  one  that  has  been 
most  thoroughly  studied  is  that  set  up  by  several  representatives  of 
a  particular  genus  of  micro-organisms  discovered  by  Johannes  Millier 
in  1856  and  made  the  subject  of  an  investigation  carried  out  in  my 
laboratory  by  Hafkine*.  I  have  already  discussed  these  researches 
in  my  work  on  the  comparative  pathology  of  inflammation*  and  need 
here  recapitulate  only  very  briefly.  Paramaecia  are  sometimes  affected 
by  needle-shaped  or  spirillar  parasites  which  penetrate,  sometimes 
into  the  macronucleus,  sometimes  into  the  micronucleus,  reproducing 
prolifically,  giving  rise  to  a  marked  hypertrophy  of  the  affected  organs. 
The  Infusorian,  in  spite  of  this  invasion,  may  continue  to  exist  and 
cany  on  its  reproductive  processes  ;  it  is,  thus,  enabled  in  many  cases  [20] 
to  recover  from  the  disease.  On  the  other  hand  the  Paramaecium 
into  whose  body  the  spores  of  the  parasite  are  introduced  treats 
them  as  it  would  any  other  ingested  foreign  body.  Not  being  able  to 
digest  them,  owing  to  the  resistance  offered  by  the  membrane  of  the 
spore,  the  Paramaecium  expels  them  just  as  it  would  any  other 

*  Ann.  de  FJrut.  Poiteur,  Paris,  1890,  t  iv,  p.  148. 

'  "Leçons  sur  la  pathologie  comparée  de  l'inflammation,"  Paris,  1892,  p.  24; 
"Lectures  on  the  comparative  pathology  of  inflammation,"  authorised  translation 
into  English,  London,  1893,  p.  20. 
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excrementitious  matter.  The  Infusorian  behaves  in  the  same  way  in 
regard  to  bacterial  endospores. 

Hay  bacilli,  which  occur  so  commonly  in  the  infusions  in  which 
the  Paramaecia  live,  are  digested  in  the  endoplasmic  vacuoles  of  the 
latter,  but  the  spores  of  these  bacilli,  after  a  more  or  less  prolonged 
sojourn  in  the  vacuoles,  are  expelled  with  the  excrement 

As  by  far  the  greater  part  of  the  body  of  a  Protozoon  is  made  up 
of  digestive  protoplasm,  it  is  natural  that  infective  epidemics  should 
be  very  rare  among  these  animalcules.  The  Infusoria  and  Rhizopods, 
organisms  specially  well  adapted  to  live  upon  the  lower  Algae  and 
Bacteria,  are,  practically,  never  subject  to  bacterial  diseases.  The 
infections  observed  in  the  Protozoa  are  due  in  most  cases  to  the 
invasion  of  the  lower  Fungi,  such  as  the  Chytridia,  the  Microspheres, 
the  SaproUgniae  or  the  special  organisms  mentioned  as  occurring  in 
the  nuclei  of  Paramaecia.  Further,  these  infections  are  met  with 
most  frequently  in  Protozoa  which  are  incapable  of  carrying  on  true 
intracellular  digestion  or  which  are  in  the  encysted  stage,  at  which 
period  the  Infusoria,  leading  a  passive  existence,  neither  absorb  nor 
digest  nutriment.  As  an  exception  to  the  above  general  statement 
I  ought  to  mention  the  epidemic  in  Amoebae  caused  by  the  Micro- 
sphaera^  and  the  disease  in  Aetinophrya  observed  by  K.  Brandt'  and 
attributed  to  Fungi  allied  to  the  genus  Pythium.  In  these  two 
instances  we  have  to  do  with  parasites  which  live  and  develop  in  the 
interior  of  the  active  protoplasm  of  these  Protozoa.  Certainly  a 
proportion  of  the  parasites  are  expelled  with  the  excrementa  ;  but 
there  remain  others  which  instal  themselves  in  the  protoplasm, 
multiply  there  and  cause  the  death  of  their  hosts.  In  these  cases  the 
digestive  action  of  the  protoplasm  must  be  neutralised  or  paralysed 
by  the  secretions  of  the  parasite.  This  aspect  of  the  question, 
however,  has  so  fiir  not  been  considered. 

In  addition  to  intracellular  digestion  and  the  expulsion  of  para- 
sites by  the  excretory  function,  the  resistance  ofifered  by  Protozoa  to 
infective  diseases  should,  in  part,  be  ascribed  to  their  great  irrita- 
[ai]bility.  Anyone  who  will  watch  the  manœuvres  of  Amoebae  or  of 
certain  Infusoria  in  the  midst  of  a  rich  microscopic  flora  and  fauna, 
will  at  once  be  struck  by  the  preferences  which  these  Protozoa 
exhibit  in  the  choice  of  their  food.  Amoebae  are  often  seen 
making  search  for  Diatoms  only,  disdaining  all  other  Algae,  or  again 

>  "  Leçons  sur  la  pathologie  comparée  de  l'inflammation,"  p.  21  ;  English  edition,  p.  17. 
*  Monattber.  d.  ÎJerl.  Akad.  d.  Winentch,,  1681,  p.  388. 


(\\oy  may  single  out  one  species  of  Palmellaceae  from  a  very  varied 
Hcjra.  The  Infusoria  also  have  their  likea  and  dislikes  in  the  matter 
of  foo<l.  Many  of  the  ciliated  Infusoria  choose  Bacteria  to  the  ex- 
clusion of  almost  everything  else  ;  others,  as  Kamula,  have  a  special 
partiality  for  the  Oscillaritif.  A  most  striking  example  of  this 
13  alfonled  in  AmphUeptiis  claparedei,  a  voracious  Ciliate,  which 
chooses  Vorticellae  to  the  exclusion  of  all  other  animalcules  ;  theso 
it  devours,  and  then  becomes  transformed  into  a  cyst  upon  tho 
peduncle  of  the  VorticeUae  it  has  devoured.  This  irritability  clearly 
must  control  an<l  guide  tho  Protozoa  in  their  relations  with  other 
organisms  and  enable  them  to  escape  the  invasion  of  parasites. 

In  this  connection  I  must  mention  a  very  interesting  observation 
made  by  Salonionsen*  and  comnniuicateil  to  the  Paris  International 
Medical  Congress  in  1900.  Ue  was  able  to  dcmoustiiitc  tlie  fact  that 
almost  all  the  ciliated  Infusoria,  on  becoming  aware  of  the  proximity 
of  dead  bodies  of  kindred  organisms,  rapidly  draw  away,  thus 
manifesting  a  very  marked  negative  chemiotaxis.  This  property 
ma»t,  it  is  evident,  protect  them  from  any  contamination  by  tho 
Iianiâitcs  contained  in  the  bodies  of  Infusoria  that  have  succumbed 
to  infective  disciiscs. 

We  have,  then,  quite  a  number  of  facts  which  throw  light  on  tho 
tiatund  immunity  of  the  Protozoa  against  the  action  of  pathogenic 
micro-orgsinisms.  Up  to  the  present,  however,  we  know  nothing 
ooDceming  the  existence  or  the  possibility  of  an  acquired  immunity 
among  the  lower  animalculae  against  infective  diseases.  We  arc 
better  iuforme<l  as  to  the  resistance  of  unicellular  organisms  to  the 
action  of  soluble  poisons,  which  is,  in  general,  much  more  easily 
■ludied  than  is  immunity  against  the  micro-organisms  themselves. 

As  a  very  large  number  of  the  higher  animals  are  sensitive  to  the 
toxic  action  of  poisons  of  bacterial  origin,  the  question  has  been  put, 
"  May  nut  the  Infusoria  also  bo  poisoned  by  these  micro-organismal 
products?"  With  the  object  of  jinswering  this  question  Gengou* 
has  studied  the  influence  of  the  toxins  of  tetanus  and  diphtheria  on  [22] 
the  ciliated  Infusoria.  He  was  unable,  however,  to  bring  forward 
proof  that  these  substances  exert  any  special  toxic  action  on  the 
Paramaecia,    These   Infusoria  withstand,  perfectly  well,  doses  of 

'  Cvinpt.  rend,  du  Congrh  internat,  dé  MéJ.  tenu  à  Pari*  en  1900.  Section  do 
tiAct«riol»gie  et  de  pantsitologie. 

'  "âur  l'immunité  natui-elle  des  or^aniBmes  monocellalaires  contro  1«  toxines* 
Ann.  de  fluil.  PiuUur,  Paris,  189S,  t  xn,  p.  463. 
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cultures  of  the  diiihtheria  and  the  tetanus  bacillus  grown  in  brof 
and  deprived  of  the  bacilli  by  filtration  as  large  as  those  of  ordinary, 
broth  alone  in  which  no  bacilli  have  been  cidtivated.  Geni 
argues  from  this  that  tlie  Paramaccia  possess  a  natural  and  absolute 
immunity  against  these  two  toxins.  When  we  take  into  consideratio; 
the  fact  that  these  poisons  act  but  feebly  at  ordinary  tempérât 
and  are  often  innocuous  to  "  cold-blooded  "  animals  we  may  perha; 
be  tempted  to  attribute  the  immunity  of  the  Infusoria  to  the  te: 
peniture  that  was  maintained  in  the  incubator  whilst  Grengous 
exi»erinientH  were  being  carried  on.  Led  by  this  train  of  thought 
Mme  JNIetchnikoff  tried  the  action  of  the  blood-serum  of  eels,  which 
is  very  toxic,  not  only  for  warm-blooded  Vertebrates  but  also  for  cold- 
blooded Vertebrates  and  tlie  Invertebrdte8,on  the  ParanweciV/, and  this 
at  a  low  or  medium  tcmpeniture.  This  eel's  serum,  however,  exerted 
no  greater  toxic  action  than  did  the  blood-serum  of  other  animals. 

The  niierobial  toxins  are  innocuous  not  only  to  the  ciliai 
Infusoriîi  but  also  to  many  other  unicellular  organisms.  It  is  no' 
well  recognised  that  these  toxins,  exposed  to  the  air,  arc  soon 
inhabited  by  quite  a  rich  tlora  of  micro-organisms,  amongst  which 
Bacteria  and  Yeasts  predominate.  I  have  been  able  to  prove'  that 
these  organisms  are  not  only  unaffcctetl  in  their  normal  life  by  the 
presence  of  the  toxins  of  diplitheria  or  tetinus  but  that  they  rapidly 
bring  about  the  more  or  less  complete  destruction  of  these  poisons. 
Gengou,  also,  observed  that  yeasts  thrive  luxuriantly  in  these  bacterial 
toxins.  The  rapid  increase  of  micro-organisms  and  the  destructi< 
of  these  poisons  tiike  place  at  temperatures  varjing  from  15°  to  37° 

Whilst  the  lower  organisms  are  refractory  to  bacterial  toxius 
which  in  quite  small  doses  are  capable  of  killing  man  and  tbe 
higfier  animals,  many  micro-organisms  manifest  a  special  sensitive- 
ness to  certain  fluids  of  animal  origin.  In  a  succeeding  chapter 
we  shall  treat  at  greater  length  of  this  microbicidal  property 
the  humours.  Here  it  is  merely  necessarj'  to  indicate  certain  faci 
concerning  this  property,  regiirdiug  them  solely  from  the  point  of 
[23]  view  of  the  immunity  of  the  lower  organisms.  The  most  striking 
example  of  the  bactericidal  power  of  an  animal  fluid  is  certainly 
that  aftbrded  in  the  action  of  the  blood-serum  of  the  rat  on  the 
anthrax  bacillus.    This  fact,  discovered  in  1880  by  von  Behring*,  led 

*  Ann.  de  P/nti.  Paattur,  Paris,  1897,  t  II,  p.  801. 

*  "Ueber  die   Ureacho  dor   Immunitât  von  Ratten  gegen  Miltbrand,'  in 
Cenlralbl.f.  klin.  Med.,  Bonn,  18S8,  no.  38. 
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llie  conclusion  that  the  blood  of  the  rat  contains  an  organic  base 
ble  of  killing  and  dissolving  a  considerable  number  of  anthrax 
Several  observers  have  confirmed  von  Buhring's  observation 
id  have  supplemented  it  by  the  fact  that  the  bacillus  can  be  reiulily 
ustomed  to  the  toxic  action  of  this  serum.  Thus  Sawtchenko',  in 
an  investigation  carried  out  in  my  laboratory,  was  able,  by  successive 
cultures,  to  accustom  the  anthrax  bacillus  to  an  existence  in  the  pure 
aerun)  of  the  rat.  In  this  case,  therefore,  there  has  been  produced  a 
ri'ul  acquired  immunity  of  a  lower  plant  against  a  toxic  substance  of 
animal  origin.  More  recently  Dauysz  has  demonstrated  the  same  thing 
and  has  added  several  other  facts  which  seem  to  throw  light  upon  the 
^jMans  by  which  tlie  bacterium  becomes  adapted  to  the  poison.  He 
^Hbs  sbowu,  in  a  work  carried  out  in  the  Pfisteur  Institute',  that  the 
^HDtbniX  Ijacillus  protects  itself  against  the  toxic  action  of  the  serum 
^■Of  surrounding  it«>clf  with  a  thick  sheath  composed  of  a  kind  of 
raucus  which  fixes  the  toxin  of  the  rat's  blood  and  renders  it 
bannles^s.  This  same  mucus,  but  in  smaller  quantity,  is  likewise 
produced  in  a  culture  of  the  bacillus  grown  in  oi-dinary  broth.  When 
wich  a  culture  is  fi-eed  from  the  contained  bacilli  by  filtration  through 

R>rcelain  and  a  little  of  this  flui<I  is  adde<i  to  the  rat's  serum,  this 
tter  becomes  less  bactericidal  than  is  a  mixture  of  the  same  serum 
vrith  ordinary  broth.    Danysz  suggests  that  this  is  to  be  explainetl 
by  the  presence  in  the  filtrate  of  a  ceitain  quantity  of  the  mucous 
BubvitaJice  produced  by  the  bacillus,  which  fixes  and  neutralises  a 
portion  of  the  "rat  toxin."    If,  in  place  of  sowing  the  ordinary 
illus,  sensitive  to  this  toxin,  we  inoculate  the  broth  with   an 
tkrax  bacillus  which  lias  jireviously  been  accustomed  to  the  rat's 
rura,  we  find  that  the  liquid  of  this  culture  when  filtered  neutralises 
larger  proportion  of  the  toxin.  Danysz  concludes  from  this  timt  the 
Hmatised  bacUlus  has  acquired  the  property  of  producing  more 
ucua  than  does  the  ordinary  bacillus  and  that,  for  this  reason,  a 
ter  quantity  of  this  protective  substance  passes  into  the  fluid  of 
e  culture. 
The  formation  of  a  transparent  sheath  has  several  times  been  [24] 
obi»cTve<l  in  the  anthrax  bacillus,  notably  in  cases  where  this  organism 
h.tppcns  to  be  in  "a  state  of  defence"  îigainst  various  noxious 
influences.     For  example,  this  sheath    is  well    develoi>ed   in   the 
anthrax  bacillus  which  invades  the  blood  of  lizards,  animals  which 

*  Ann.  de  VIntt.  Pattrur,  Parii,  1897,  t  xi,  p.  872. 

*  Ann.  de  F/nit.  Patteur,  Paris,  1900,  t.  xiv,  p.  641. 
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are  in  general  very  resistant  to  anthrax'.  Under  analogous  conditions 
the  streptococci  which,  as  a  role,  do  not  produce  a  mucous  sheath, 
will  develop  one  of  exceptional  size.  The  guinea-pig  is  in  general 
very  resistant  to  the  streptococcus  against  which  it  exhibits  a  very 
effective  reaction.  Sometimes,  however,  this  iranumity  gives  way  ; 
in  such  instances,  as  demonstrated  by  J.  Bordet',  the  streptococcus,  in 
order  to  overcome  the  natural  resistance  of  the  guinea-pig,  is  found 
to  have  surrounded  itself  with  a  sheath  of  a  thickness  such  as  is 
Beldom  to  be  met  with  in  the  world  of  bacteria  (Fig.  2). 


Fig.  2.     Streptococcus  rorrounded 
by  a  protective  envelope. 


Fie-  3.  Tubercle  bacillas  currounded 
by  a  transpATcnt  envelope  and  en- 
oloeed  is  the  giant  œil  ot  a  gerbil. 


Analogous  facts  are  also  observed  in  cases  where  the  micro- 
[25]  organism  is  dcfeiuiing  itself  against  the  action  of  substiinces  enclosed 
in  animal  cells.  I  mtiy  cite  as  an  example  the  tubercle  bacillus  in 
the  interior  of  the  giant  cells  of  a  gerbil  [Meriones  shaxcil),  where, 
under  tlie  influence  of  noxious  substances  contained  in  these  cells,  the 
tubercle  bacillus  (Fig.  3)  envelops  itself  in  a  transparent  sheath 
similar  to  that  of  the  bacillus  or  of  the  streptococcus.  As  the  action 
of  the  giant  cell  still  docs  not  cease,  the  tubercle  biicillus  secretes 
a  secoud   sheath   (Fig.  4}  and   continues  to  surrotind  itself  with 

«  Metciinikoff,  Virrhfjw'i  Arehit,  1884,  Bd.  xcvii,  S.  6in. 

>  "  Contribution  ^  i'étiule  du  sérum  antistreptococcique,"  Ann.  de  I'Init.  Patteur, 
Paris,  1897,  t.  xi,  p.  177,  TUuche  V. 
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quite  a  series  of  such  enveloi)e8  (Fig.  5),  thus  coming  to  resemble 
a  iialmellaceous  Alga  surrounded  by  successive  layers  of  membranes 
or  certain  other  vegetable  cells  whose  principal  means  of  defence 
•gaiiiiit  all  kiuds  of  injurious  influences  consists  in  the  production 
of  these  protective  membranes. 


Fig.  4.    Another  taberote  bacillaa 
«nrrounded  b;^  two  membrAuea. 


Fig.  5.    Tabercle  bacillus  oarronnded 
by  a  Eories  of  concentric  layers. 


Quite  recently  TrommsdorP,  in  Buchner's  laboratory  in  Muuich, 
has  carried  out  a  series  of  experiments  on  the  adaptation  of 
tbe  cholera  vibrio  and  of  the  typhoid  bacillus  to  the  bactericidal 
mib»tance  fuitud  in  the  b1oo<l  of  the  rabbit,  lie  ha.s  been  able  to 
confirm  the  results  of  his  predecessors  and  by  various  experiments 
has  convinced  himself  that  these  two  micro-organisms  are  capable 
of  adapting  themselves  to  existence  in  the  dcfibrinated  blootl  and  in  [26] 
tbe  blood-serum  of  the  rabbit 

The  immunity,  or  acclimatisation  of  injurious  orgsmisms  to  diflercnt 
toxins,  presents  an  undoubted  analog}'  to  the  phenomena  of  adaptation 
sbowi)  by  these  organisms  to  mineral  or  organic  poisons.  It  has  long 
been  known  that  the  same  species  of  Protozoa  are  met  with  in  both 
fresh  and  salt  water  and  that  it  is  possible  to  gradually  accustom 
Infosoria  and  Amoebae  to  tolerate  an  amount  of  sea  salt  M'hich  at  first 
iiS  absolutely  futjU  to  them.  Tliis  toleration  is  not  acquired  luiless  care 
be  taken  to  increase  the  amount  of  salt  ver\'  gradually  :  too  abnipt  a 
riae  inevitably  causing  death.    By  this  means  Cohu*  accustomed  the 

»  Arch./.  Hyg.,  Miinclieii  u.  U'ipzig,  1900,  Bd.  xxxjx,  8.  31. 
*  **  EntwickelungBgescliichto  der  mikroskopiscken  AlgoD  and  Filze,"  Not,  Acta 
Acod,  Co*».  LH'p,  Carol.,  1854,  t  xxiv,  p.  1. 
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fresh-water  Euploks  to  a  life  in  artificial  sea  water  containing  4  '/( 
Budium  chloride.  In  Balbiani's  experiments'  the  fresh-Mater  Monads 
{Menoidium  incurimm  and  Chilofnotias  paranutcclum)  died  very 
quickly  on  the  addition  of  ^"/j  of  this  salt  ;  but  when  it  was  addetl  in 
fimall  successive  doses  (U*05  per  day;,  they  readily  became  accustomed 
to  a  concentration  of  1  'jt.  In  the  encysted  state  the  Protozoa  are  even 
more  resistant  than  in  the  active  state  to  the  different  salts  that  may 
be  added  to  their  normal  culture  medium.  It  is  probable  that  the 
wall  of  the  cyst  interferes  with  the  penetration  of  these  substances 
into  the  endoplasm.  If  a  small  quantity  of  an  aniline  dye  be  added  to 
a  fluid  containing  encysted  Infusoria,  it  is  seen  that  the  cyst-membrane 
becomes  very  intensely  coloured  but  the  body  of  the  Infiisorian 
remains  unstained.  The  membrane  absorbs  a  large  amount  of 
colouring  matter,  after  which,  being  satui-ated,  it  cejises  to  take  it 
up  ;  but  it  does  not  allow  the  dye  to  penetrate  into  the  endoplasm. 

Ralbiani  {loc.  nf.  p.  ôftO),  having  compared  the  action  of  the  salts 
of  sodium  with  tliat  of  the  salts  of  potassium  and  lithium  on  In- 
fusoria, comes  to  the  conclusion  that  the  injurious  influence  of  these 
BubstJiuccs  can  only  be  partially  cx|)lained  by  osmotic  phenomena. 
In  addition  to  these  a  purely  chemical  action  must  be  invoked.  He 
bases  his  opinion  on  the  fiict  that  the  isotonic  solutions  of  the  three 
[27]  salts  acting  on  Infusoria  of  the  same  species  and  same  orighi  exert 
a  different  influence.  The  salts  of  potassium  and  of  lithium  act  in  a 
much  more  energetic  fashion  tliau  do  the  sodium  salts.  Consequentlj, 
the  Protozoa  are  able  to  adapt  themselves  progressively  not  only  to 
noxious  influences  of  a  physiological  character  but  also  to  those  of  a 
chemical  nature.  Thus  Infusoria  and  Rhizoimds  can  be  accustomed  to 
the  action  of  high  temperatures,  to  au  intense  light,  etc.  On  the  other 
hand  they  can  also  be  habituated  to  the  toxic  actions  of  true  poisons. 
Daven[)ort  and  NeaP  have  established  the  fact  that  Stentors  kept  for 
two  days  in  a  weak  solution  of  corrosive  sublimate  (O'OOOOôV»)  acquire 
a  tolerance  to  a  dose  of  this  poison  four  times  as  great  as  the  lethal 
dose  for  individuals  previously  kept  in  pure  water.  The  same  thing 
has  been  observed  in  connection  with  the  toxic  action  of  quinine. 
This  immunity  cannot  bo  attributed  to  the  selection  and  persistence 
of  those  Infusoria  which  ijossess  a  natural  resistance  to  the  sublimate. 

>  "  Action  dea  sels  sur  les  infosoires,"  Arch.  tPanat.  microK.,  Paria,  1898,  t  n, 
p.  595. 

*  "  On  the  acclimatisatiou  of  organisms  to  poisonous  chemical  substaocei^"  Arch,  ' 
/.  Entv!icktlung$mech.,  Leipzig,  1895,  Bd,  n,  S.  564. 
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It  is  really  acquired  as  the  result  of  a  direct  and  gradual  chemical 
influence  on  the  protoplasm  of  the  Stcntorâ  which,  once  adapted, 
all  survive  doses  which  are  lethal  for  the  unacclimatiscd  control 
orgauisms. 

The  vegetable  micro-organisms,  which  are  mucli  more  esisily 
cultivated  than  are  the  Protozoa,  frequently  manifest  most  chai-ac- 
tcristic  phenomena  of  acclimatisation.  The  first  systematic  researches 
in  this  direction  were  carried  out  by  Kossiakoff'  in  the  labonitory  of 
Duclaux.  He  studied  the  antiseptic  action  of  Iwraï,  of  boracic  acid, 
and  uf  corrosive  sublimate  on  the  anthrax  microbe  and  several  other 
l»cilli  (liacillus  eubtilis,  Thyrotrix  gcalM'r  and  T.  (enuis).  He  foun<l 
that  all  these  micro-organisms  can  be  gradually  accustomed  to  doses 
which  are  absolutely  bactericidal  to  the  same  species  when  not  so 
acclimatised.  The  acclimatised  Thtfrofrix  tenuis  withstands  almost 
double  the  amomit  of  bichloride  of  mercury  that  the  non-acclimatised 
booilhitj  will  resist.  The  ordinary  anthrax  bacillus  will  not  develop  at  all 
if  the  cidture  medium  contains  more  than  0*005  of  boracic  acid  whilst 
the  same  organism,  when  accustomed  by  passage  through  successive 
cultures  in  which  this  substance  is  present  in  gmdiially  increasing 
proportions,  grows  well  in  spite  of  the  presence  of  0"007  of  the  samo 
antiseptic.  Since  these  observations  were  made  situtlar  facts  have 
been  demonstntted  by  several  other  observers,  and  the  ready  accli- 
matisation of  Bacteria  to  jioisons  is  now  generally  admitted.  Danysz  [28] 
{loc.  cit.\  with  the  object  of  elucidating  the  mechanism  of  this  adapta- 
tion, has  studied  the  action  of  arsenic  acid  on  the  Bacillus  anthracis. 
He  has  demonstrated  that  this  bacillus  will  gradually  accustom 
itself  to  grow  in  broth  containing  a  qjiantity  of  arsenic  acid  which  at 
firet  inhibited  all  development  During  this  phenomenon  of  adapta- 
tion, which  is  acquired  after  a  scries  of  passages  through  media  more 
and  more  highly  arsenicated,  the  bacillus  secretes  a  coating  of  mucous 
Mibatance  which  protects  the  sensitive  parts  of  the  microbial  celL 
Here,  therefore,  is  formed  something  exactly  corresponding  to  what 
the  same  observer  has  demonstrated  in  anthrax  bacilli  that  have 
aoqtiired  a  tolerance  for  rat's  serum.  This  analogy  extends  even 
to  the  throwing  out  of  the  protective  substance  into  the  culture 
fluid.  When  one  sows  an  ordinai-y  unadupted  bticilluà  in  arsenicated 
broth  to  which  has  been  added  some  of  the  fluid  from  a  culture  of 
the  adapted  bacillus,  development  takes  place  in  a  marked  fashion. 
Ou  the  contrai-y  when  the  same  material  is  "  seeded  "  into  arsenicated 
»  Ann.  d«  ritut.  Patteur,  PRris,  1887, 1. 1,  p.  465. 
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broth  of  the  same  oompoâdfm  bat  to  whidi  has  been  added  the 
filtrate  from  an  onadapted  cnltnre,  the  baciUns  does  not  derelop 
nearlj  so  vdL  The  difference  k  ex^dained  by  the  presence,  in  the 
fluid  in  which  the  adapted  bacillus  had  grown,  of  a  cotain  quantity 
of  the  moooos  sabetanoe  whidi  fixes  the  areenic  and  preraits  it  frran 
acting  on  the  protofdasm  of  the  micro^iganisms. 

The  Yeasts,  also,  adapt  thonselTes  rety  readily  to  antiseptics. 
This  property  has  even  had  a  practical  applicatimi.  We  know  that 
small  doses  of  hydroflaoric  add  are  capable  of  preventing  the 
prolifération  of  the  yeast  of  beer,  and  EfifttHit*  has  accustomed  this 
plant  to  lire  in  media  containing  an  amount  of  hydn^uoric  acid 
which  is  absolutely  inhilHtory  to  tiie  unadapted  yeast  Under  these 
conditions  the  adapted  cells  undergo  a  stimulation  which  causes  the 
production  of  a  greater  quantity  of  alcohol  The  yeast,  in  adapting 
itself  to  antiseptic  doses  (300  mm.  of  hydrofluoric  acid  per  100  cc  of 
beer  wort;,  acquires  a  kind  of  immunity  which  it  did  not  possess  in 
the  first  instance.  Moreover  this  acquired  property  can  be  hereditarily 
transmitted  to  new  generations  developed  in  ordinary  beer  w<Hii  to 
which  hydrofluoric  acid  has  not  been  added.  The  stimulating  action 
of  this  substance  on  the  fermentative  property  does  not  depend  upon 
the  acid  reaction  of  the  hydrofluoric  acid,  for  other  adds  whidi  are 
[29]  non-antiseptic,  such  as  tartaric  add,  are  incapable  of  indudng  it 

The  acquired  immunity  against  hydrofluoric  acid  is  strictiy  spedfic, 
the  yeasts  that  have  been  adapted  to  this  substance  becoming  even 
more  susceptible  to  the  action  of  other  poisons. 

l>uclaux'  has  already  insisted  on  the  relations  which  exist  between 
antiseptics  and  foods.  Formic  aldehyde  which  has  a  very  powerful 
coagulative  and  therefore  strongly  antiseptic  action  on  protoplasm  may 
actually  serve  as  a  food  for  micro-organisms.  The  Thyrotrix  tenuiSj 
studied  in  this  connection  by  Péré*,  adapts  itself  to  the  presence  of  this 
aldehyde  and  utilises  it  for  its  nutrition.  Here  is  produced  something 
that  recalls  the  case  of  the  Protozoa  that  digest  i)arasitic  organisms. 

It  is  now  a  current  idea  in  microbiology  that  Bacteria  and 
Yeasts  which  primarily  do  not  make  use  of  certain  substances,  adapt 
themselves  to  use  them  as  nutrient  substances.  Dienert*  has  published 
a  detailed  work  on  the  adaptation  of  the  yeasts  to  milk-sugar.    This 

'  Mf/nit.  tcient.  da  D^  QuemeeiUe,  1890,  1891, 1892, 1894. 
«  "Traité  de  Micn>biologie,"  Paris,  1898, 1 1,  p.  238, 
»  Ann.  de  VIntt.  Pasteur,  Paris,  1896,  t.  x,  p.  417. 
*  Ann.  de  FInst.  Pasteur,  Paris,  1900,  t  ziv,  p.  139. 
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Hiigar  is  usually  disdsxined  by  the  yeasts  that  set  up  the  fermentation 
of  glucose  ;  it  is  not  difficult,  however,  to  adapt  them  to  galactose 
which  they  then  attack  and  transform  into  alcohol  and  carbonic  acid. 

The  Protozoa  can  be  progressively  accustomed  not  only  to  poisons 
but  also  to  altere<l  physical  conditions.  Thus,  Dalliiiger'  succeeded 
[in  nU«ng  the  temi)erature  of  the  water  in  which  flagellated  Infusoria 
were  growing  from  IS^'S  to  23°  C.  witliout  causing  their  death.  By 
prolonging  the  experiment  over  several  months,  he  was  even  able  to 
lutbituate  them  to  an  existence  at  a  temperature  of  70°  C.  In  the 
opinion  of  Davenport',  a  view  which  is  shared  by  many  other 
observers,  this  resistance  to  high  tem|)er!iture8  was  dependent  on 
die  abstraction  of  water  from  the  proto])lasm.  Dallinger  has  also 
oU^rved  that  in  Infusoria  that  are  accustomed  to  life  in  hot  water, 
the  vacuoles  become  smaller  and  smaller  and  may  even  actually 
dissippear. 

This  adaptation,  then,  is  a  property  that  is  very  general  and  wide- 
«ipreud  in  the  microcosm  of  the  unicellular  organisms.  It  is  connecte<l 
with  the  intnicelhdar  digestion  of  solid  food  and  with  the  abâoq)tiou 
and  transformation  of  soluble  substiinces.  These  phenomena,  chemical 
in  character,  are  intimately  linked  with  the  irritibility  of  microscopic 
origanisms,  which  represents  one  of  the  fundaniental  properties  of  [30] 
living  organisms. 

A  Protozoon,  wliicli  is  refractory  to  a  parasite,  may  protect  itself 
Jar  flight  or  it  may  devour  and  digest  the  parasite  ;  another,  which 

{uires  u  tolemnce  in  regard  to  a  toxin  or  to  a  mineral  poison, 

îrbe,  fixes  and  transforms  this  substance.  Conseciuently,  in  all 
these  instances  of  inuuunity  there  is  a  reaction  of  the  living  elements 
of  the  organism,  this  being  a  direct  consequence  of  the  irritability  of 
the  protoplasm. 

Before  an  lufusorian  retreats  from  the  dead  body  of  an  allied 
organism,  before  a  Protozoon  secretes  a  digestive  fluid  around  the 
prey  it  has  ingesteil,  Ijefore  a  Bacterium  secretes  a  glairy  layer  for 
ill!  defence,  etc,  these  luiicellular  organisms  must  receive  sensations 
'which  provoke  the  above-mentioned  reactions.  It  is  to  a  celebnited 
boUmist,  PfeflFer,  that  we  owe  the  most  imjMjrtimt  researches  on  this 
irritability  of  unicellular  organisms,  researches  which  may  be  summed 
up  in  the  general  statement  that  this  property  is  subject  to  the  psycho- 
phyûcal  law  of  Weber-Fechner.    Pfefler,  by  the  observation  of  the 

>  Joum.  R.  Mler.  -SV.,  London,  18S0,  iii,  p.  I. 
DaTcnpurt  uiJ  Ca»Uâ,  Arch./.  EntKicktiufigtmech.,  Leipzig,  1895,  Bd.  n,  S.  227. 


28  Chapter  I 

movements  of  Bacteria  under  the  influence  of  increasing  stimulation 
has  established  the  fact  that,  conformably  to  this  law,  when  tli 
stimulus  increases  in  geometrical  ratio,  the  irritability  increases  i 
arithmetical  ratio,  that  is  to  say,  the  reaction  is  proportional  ( 
the  logarithm  of  the  stimulation.  In  order  that  a  motile  bacteriui 
(Bacterium  termo),  grown  in  a  peptonised  solution,  may  perceive 
difference  of  medium,  it  is  necessary  to  place  it  in  a  peptone  solutio 
of  five  times  the  original  concentration  ;  weaker  solutions,  in  which  tli 
concentration  is  but  three  or  four  times  greater  than  the  origin) 
fluid,  do  not  attract  the  bacteria  at  all  ;  consequently  these  diffei 
ences  are  below  their  chemiotactic  sensibility. 

The  different  reactions  that  are  exhibited  in  the  immunity  < 
unicellular  organisms,  reactions  which  are  dependent  on  the  irritt 
bility  of  their  protoplasm,  therefore,  come  undeniably  under  tL 
categoiy  of  purely  cellular  phenomena. 


CHAPTER  II  m 

IMMUNITY  IN  MULTICELLULAR  PLANTS 

Infective  diseases  of  plants. — Plasmodia  of  the  Myxomycètes  and  their  chcmiotaxis.— 
Adaptation  of  the  plasmodia  to  poisons. — Pathogenic  action  of  Sclerotinia  upon 
Phanerogams. — The  cicatrisation  of  plants. — Defence  in  plants  against  Bacteria.—;' 
Sensitiveness  of  vegetable  cells  to  osmotic  pressure. — Adaptation  of  plants  to 
modifications  of  osmotic  pressure. — Dependence  of  the  chemical  phenomena 
upon  the  irritability  of  the  vegetable  cells. — ^The  law  of  Weber-Fechner. 

For  several  reasons  this  immunity  in  the  vegetable  kingdom  cannot 
be  treated  in  a  satisfactory  fashion.  Much  attention  has  been  devoted 
to  the  pathology  of  plants  and  the  etiology  of  a  number  of  vegetable 
diseases  was  well  established  at  a  period  when  we  were  still  groping 
in  the  dark  for  the  causes  of  infective  diseases  in  man  and  the  higher 
animals.  In  spite  of  this,  the  botanist  has  relegated  the  study  of  the 
phenomena  of  immunity  to  a  secondary  position,  and  up  to  the  present 
no  work  specially  devoted  to  this  subject  has  appeared.  It  is  only 
incidentally  that  the  question  of  the  resistance  of  certain  plants  to 
morbific  factors  capable  of  infecting  or  intoxicating  them  has  been 
touched  upon.  We  should  require,  therefore,  to  carry  out  special 
researches  in  this  direction  and  to  make  a  very  complete  study  of 
botanical  literature,  before  we  should  be  able  to  present  to  our 
readers  a  réatané  of  the  question  of  immunity  in  the  vegetable 
kingdom.  Such  a  programme  being  impossible  we  must  content 
ourselves  with  borrowing  from  the  botanists  certain  facts  which 
throw  light  on  some  aspects  of  the  general  problem  in  which  we 
are  interested. 

Many  of  the  higher  plants  are  subject  to  infective  diseases  set 
up  by  the  lower  plants,  of  which  the  most  important  are  the  Fungi. 
Whereas  in  the  animal  kingdom  the  majority  of  the  infections 
are  due  to  Bacteria,  these  micro-organisms  rarely  occur  in  plants  ;  [32] 
moreover  when  they  are  present  the  part  they  play  is  nearly  always 
a  secondary  one.    This  difference  is  due  mainly  to  the  chemical 


composition  of  tlie  "Luniourà"  in  the  two  kingdoms,  the  cell-juice  of 
plants  being  gener.illy  acid  ;  under  this  condition  the  Fungi  develop 
much  better  than  do  the  Bacteria. 

Tlic  various  modes  of  defence  against  infective  diseases  that  have 
been  met  witli  in  unicellular  organisms  are  also  found  in  the  nuJti- 
cellular  plants.  Whereas  in  almost  all  plants  the  cells  are  rigid, 
owing  to  the  presence  of  a  wcll-devel<>pc<l  niembraTie,  some  of  the 
lower  plants  have  preserved  a  condition  in  wiiich  the  protoplasm  is 
completely  naked  and  capable  of  movement  Myxomycètes  are 
specially  distingiu'shed  by  an  amoeboid  stage  of  existence  and  by  the 
formation  of  large  plasmodia  which  protrude  protoplasmic  processes 
and  exhibit  a  kind  of  locomotion  similar  to  that  met  with  in  the 
Rliizopoda  and  the  Sporozoa. 

Infective  diseases  among  the  Myxomycètes  must  be  very  rare 
since,  up  to  the  present,  they  have  not  been  noted  by  a  single  oteerver. 
It  is  very  probable  that  the  plasmodia  get  rid  of  the  infective  germs, 
as  do  the  Protozoa,  both  by  expulsion  of  the  parasites  and  by 
means  of  intnicellular  iligestiou.  This  latter  takes  place  in  a  medium 
which  is  distinctly  acid  and  by  means  of  a  soluble  ferment  describetl 
by  Krukenberg'  as  a  kind  of  pepsin.  I  need  not  here  enter  into 
further  detail  as  I  have  already  treated  this  subject  in  my  Lceturt^ 
on  the  comparative  jmtholofft/  of  injlatmnntion.  The  fiict  that  the 
Myxomycètes  can  ingest  living  organisms  has  been  demonstrated  by 
Celakovsky,  jun.',  who  has  observed  tliat  the  spores  of  the  various 
Fungi  can  genninate  in  the  interior  of  the  plasmmlium.  Whilst  our 
conceptions  concerning  the  resistance  of  the  plasmoilia  in  regartl  to 
micro-organisms  are  merely  based  upon  analogies  and  hypotheses,  our 
ideas  as  to  their  immunity  agîiinst  soluble  substances  rest  on  well- 
established  exi)erimental  fact*^.  We  owe  to  Stahl*  our  first  informa- 
tion as  to  the  mode  by  which  the  plasmodia  resist  poisons.  When 
they  are  placed  in  contact  with  solutions  of  salts,  of  acids  or  of  sugar 
in  a  sufficiently  concentrated  form  to  bring  alK)ut  an  injurious  action, 
the  plasmodia  make  use  of  their  amoclxtid  jjower  of  motion  to  escape 
[33J  from  these  fluids.  Hence  they  exhibit  a  negative  chemiotaxis,  ex- 
actly parallel  to  that  so  often  observed  in  the  case  of  the  unicellular 
organisms.  Consequently  there  is  in  the  Myxomycètes  a  uatui*al 
immunity  due  to  the  activity  of  their  movements.    Further,  a  kind 

1  Untertuch.  a.  d.  phyfiolog.  Intt.  d.  Univ.  Heidelberg,  1878,  BJ.  U,  S.  273. 
«  Flora,  Marburg,  1892,  Bd.  Lxxvi,  8.  182. 
»  Bolan.  Zig.,  Leipzig,  18S*,  8. 161. 


of  acquired  immunity  in  these  plants  has  also  been  demonstrated 
by  Stahl.  The  following  is  the  pnssjige  in  liis  paper  referring  to 
this  subject,  a  passage  very  important  from  a  general  point  of  view'  : 
"  If  we  replace  the  water  in  a  vessel  by  a  1  or  2  %  solution  of 
glucoac,  we  observe  either  the  death  of  the  plasmodia,  if  the  action 
is  too  rapid,  or  merely  their  retreat  from  the  glucose  solution. 
Even  solutions  of  i^  or  ^°/o  are  at  fiiist  avoided  by  the  plasmodia 
and,  tihould  the  action  be  too  rapid,  may  cause  their  death.  Usually 
the  Plasmodia  emigrate  into  those  portiotts  of  the  substratum  remote 
from  the  solution,  to  return  after  some  time,  often  only  after  several 
days,  and  immerse  themselves  in  the  solution  of  glucose  as  they  do 
in  an  infiision  of  tan,  although  with  more  hesitancy.  Consequently 
the  Mi/xomyceUs  accommodate  themseli'ca  slotdy*  to  a  more  con- 
centrated solution,  probably  by  giving  up  a  cerUiin  proportion  of  their 
»»-aler.  I  was  able  to  observe  the  same  phenomena  with  even  much 
more  concentrated  solutions  (2  "/o)-  -A-  Plasmodium  which  at  the  end 
of  »everdl  days  had  adapted  itself  to  a  2  %  solution  of  glucose  and  had 
aeut  oiit  numerous  processes  into  it,  found  itself  injuriously  affected 
when  the  sugar  solution  was  suddenly  replaced  by  pure  water.  Those 
iJiat  remained  alive  had  retired  to  a  gretit  distance  fmm  the  upper 
layer  of  tlie  fluid  and  did  not  descend  agjiiu  until  the  end  of  the  second 
day.  After  a  fresh  change  of  fluid  we  were  able  to  observe  first  the 
repulsion  and  later  the  attraction  of  the  plasmodia,  but  a  certain  time 
Hlwuys  elapses  before  the  plasmodia  become  accustomed  to  the  change 
in  concentration.  We  obtain  the  same  result  when  wo  replace  a  2  •/» 
solution,  not  by  pure  water,  but  by  a  }  or  a  1  7»  solution  "  (p.  166). 

De  Bury'  had  already  interpi-eted  these  facts  as  being  due  to  an 
immunity  aa^uired  by  the  plasmodia,  the  result  of  an  adaptation  of 
tbc«e  organisms  to  solutions  which  they  had,  at  first,  carefully  avoided. 
Tic  threw  out  the  suggestion  that  a  similar  adaptation  might  take  [3é] 
place  in  regard  to  solid  substiuices  ingested  by  the  ftlyxomycetes. 

As  these  phenomena  of  actjuired  immunity,  in  organisms  so 
primitive  and  of  so  simple  a  structure,  are  of  immense  importiince 
from  the  ]M>int  of  view  of  Immunity  in  general  I  felt  bound  to  submit 
tbetu  to  a  i>ersonal  investigation.    I  found  it  an  easy  matter  to 

'  [Stalil  use»!  plaainodia  wliich  had  spread  tlicmselve»  on  a  substratmo  of  wet 
Alter  paiwr  applied  to  the  insido  of  g\naa  vosseU,  its  Inwcr  edge  touching  tlic  surface 
of  tiw  cxperituental  fluid  at  the  bottom  of  the  vosaol  (  Trantlator).] 

*  TLe  italics  arc  M.  Meteliuikoff'8. 

•  "  V'crjjieichcudc  Morpbolo^e  u.  Biologie  der  Pilzc,  Mycetozoen  u.  Bactérien," 
Leipzig,  I'*  Auil,  1SS4  ;  aiao  autboriaed  English  trauriatiou,  Oxford,  1SS7. 
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accustom  the  pla^miodia  of  Physarum  to  soUitiong  of  arsenious  acif 
-which  at  fir«t  repelled  them  in  a  very  striking  manner.    Tliis  adapta- 
tion manifests  itself  by  movements  of  the  plasmodia  and  by  the  ' 
change  from  negative  chemiotaxis  (repulsion)  to  positive  chemiotaxis  ' 
(attraction). 

It  is  impossible  in  the  present  state  of  our  knowledge  to  state 
precisely  the  modifications  that  the  plasmcnlia  undergo  during  this 
process  of  adapfcitioii,  Stahl  supposes  tliat  they  dejiend  "on  some 
special  properties  of  the  plasmodia  (probably  in  a  greater  or  less 
richness  in  water)";  and  that  it  is  a  case  "not  of  simple  phenomena, 
easy  of  explanation,  but  of  extremely  complicated  phenomena  of 
irritability." 

It  is  evident  that,  in  this  ease  of  acquired  immunity,  we  have 
not  to  do  with  a  question  of  physical  or  chemical  modification  of  the 
solutions  employed  but  solely  with  reactive  phenomena  on  the  part 
of  the  living  plasmodia. 

After  a  i)haâe  of  active  life,  during  which  the  Myxomycètes  move, 
feed,  digest  and  expel  waste  products  as  do  the  lower  animals, 
there  conies  a  stage  «hen  they  become  immobile  and  transform  them- 
selves into  a  number  of  sporangia  filled  with  rounded  spores.  Before 
leaving  their  animal  aspect  for  that  of  true  plants,  the  plasmodia  < 
exliibit  entirely  new  attributes.  Tliey  reject  all  nourmhment  and 
no  longer  ingest  foreign  bodies  ;  they  avoid  the  moisture  which 
previously  attracted  them  and  cease  to  shrink  fi*om  the  light. 

Having  come  to  maturity,  the  Myxomycètes  declare  themselves 
true  plants  and  lead  a  passive  life  until  tlie  new  generation  comes 
forth.  Most  plants  are  restricted  to  this  passive  phase  of  the 
Myxomycètes.  In  these  latter  it  persists  only  for  a  short  jieriod, 
whereas  in  almost  all  plants  it  is  the  permanent  condition.  It 
is  at  this  stage  that  these  organisms  arc  liable  to  the  attack  of 
parasites  against  which  it  is  necessary  for  them  to  oppose  all  their 
means  of  defence.  Our  knowledge  of  these  means  of  defence  is  as 
[3a]  yet,  as  I  have  already  stated,  very  imperfect,  and  the  example  of 
Scferotinia  libcrtiana  (or  Peziza  sclerotiorttm)  which  has  been  the 
subject  of  the  researches  of  de  Bary'  remains  up  to  the  present  the 
one  that  has  been  most  thoro^ighly  studied. 

This  Fungus,  belonging  to  the  group  of  the  Diseomycetes,  mvade» 
many  species  of  plants  and  often  produces  great  ravages  amongst 
the  cultivated  plants  of  our  fields  and  gardens,  such  as  colza,  hemp 
'  Botan.  Zlg^  Leipzig,  186&,  Ba  377,  393,  409,  433,  449,  465. 


}>etiiniaB,  dalilias,  etc.  The  mycelium  of  tin's  Srfrrôfinia  develops  in 
the  stems  of  herbiiceoua  plaiitn  and  itroduces  sclerotia  innidc  them, 
forms  of  resistance,  which  in  this  instance  are  black  and  resemble 
email  particles  of  mouse  excrement, 

Tlic  gpoi*es  of  tho  fief eroti nia  germinate  and  form  mycelial  threads 
on  tlie  surface  of  the  plants.  In  order  that  they  may  penetrate  into 
the  tifsues  these  threads  must  attack  the  cell-uicmbrane  and  for  tlii^ 
purpose  they  seci-ete  a  fluid,  which  contains  both  a  digestive  ferment 
and  oxidic  .acid,  the  latter  being  essential  for  the  action  of  the  ferment 

The  presence  of  this  "  toxin  "  has  been  denionstnited  l)y  de  Baiy 
l»y  macerating  the  mycelium  of  the  Schrothiht.  Tlie  résultant  extract 
litLH  a  well-markeil  action  on  the  tissues  of  many  plants  (currot, 
JeniMidem  artichoke,  chicory,  etc.).  Under  its  influence  the  proto- 
|tla»tu  of  the  cells  contracts,  a  genuine  plaamolysis  is  set  up,  the  cell- 
membrane  swells  and  Ma  layers  between  the  cells  are  dissolved.  As 
the  re-sult  of  this  digestive  action,  the  cells  become  separated  and 
the  tissue  softens.  This  extract,  when  heated  to  52  C,  loses  its 
tligesUve  action  on  the  cellulose  membrane,  but  still  i-etsiins  its  power 
of  setting  up  plasniolysis.  This  ix-action  to  temperature  confirms  the 
view  that  the  juice  of  the  Fungus  contains  a  soluble  ferment.  Tlie 
rcKolts  of  de  Bary's  researches  have  been  confirmed  and  in  part 
supplemented  by  the  expérimentai!  of  Laurent'. 

It  is  a  fact  of  conmion  observation  that  the  Sehrotlnia  libertiana 
inradc»  for  the  most  part  young  plants.  It  may  therefore  be  asserted 
that  the  disease  produced  by  this  Fungus  is,  like  scarlatina  or  measles 
in  the  human  subject,  an  "  infantile  "  disease.  De  Bary  suggested 
that  the  immunity  of  adult  plants  must  depend  on  the  greater 
rcafiwtancc  which  their  cell-membranea  offer  to  the  fluid  secreted  by 
the  mycelial  filaments.  Direct  experiments  have  shown  the  accuracy 
of  his  suggestion.  Whilst  the  fluid  extracted  from  the  Sdcrotiuia 
readily  digests  the  tissue  of  young  plants  it  leaves  intact  that  of  adult  [3g] 
filants  of  the  same  sivecies. 

In  the  course  of  this  disease  we  have  a  struggle  going  on  between 
two  plants.  The  parasite  brings  into  play  toxic  and  digestive  secre- 
tions with  which  it  seeks  to  impregnate  its  host.  The  attacked  plant 
defeitds  itself  by  the  secretion  of  membranes  ca|)able  of  resisting  the 
action  of  the  secretions  of  the  Fungus.  This  stmgglc  by  means  of 
chi-uitad  substances  is,  however,  directed  by  the  activity  of  the  linag 

'  Ann.  de  flntt.  PaiUur,  Paris,  lb99,  t.  xni,  p.  44. 
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cells  of  the  two  belligerent  plants,  an  activity  dependent  upon  the 
in-itability  of  their  protoplasm. 

The  example  we  have  jiist  studied  may  serve  as  a  type  for  our 
examination  of  the  phenomena  of  immunity  in  the  vegetable  kingdom. 
The  crux  is  above  all  to  prevent  the  access  of  the  parasites  to  the 
vital  parts  of  the  plant  by  opposing  to  them  membi-anes  v&  resistant 
as  possible.  Consequently  the  majority  of  plants,  directly  the  smallest 
lesion  is  produced,  react  by  an  abundant  cell-proliferation  and  by  the 
suberisation  of  tlie  outer  layers.  The  cell-membranes  of  the  latter 
thicken,  the  cellulose  is  transfomied  into  stiberin  ;  a  layer  of  cork 
not  very  permeable  to  fluids  and  gases  being  thus  formed.  By 
Bul>erisation  the  plant  reacts  against  grosser  lesions,  incisions  or] 
bums,  as  well  as  against  the  decay  set  up  by  micro-organisms. 

Massart',    in    an    extremely    interesting    memoir,    has    brought 
together  the  known  data  conccnn'ng  cicatrisation  in  plants  and  has] 
demonstrate»!  the  fact  that  it  is  a  very  variable  process.     In  many 
leaves  after  Itcing  damaged  there  is  no  attempt  to  react  by  forming 
cicatricial  tissue.    Many  aquatic  and  marsh  plants  react  but  feeblj.j 
Their  tissues  die  and  turn  brown,  the  plants  failing  to  defend  them- 
selves by  cicatrices,  probably  owing  to  the  case  with  which  the  lost 
parts  can  be  replaced.     When,  however,  in  the  same  planta,  there  isj 
produced  a  lesion  of  parts  which  arc  of  great  im]>ortance  for  the 
preservation  of  the  integrity  of  the  individual  or  a  lesion  of  the  organs 
which  enable  the  plant  to  continue  its  existence  through  the  winter,  \ 
cicatrisation  of  the  wounds  t'lkes  place  rapidly. 

The  old  or  adult  parts  in  most  eases  react  dilTerently  from  the 
young  parts.    Thus,  the  young  leaves  of  Clma  (the  example  selected 
by  Massart)  react  to  tra*imatism  very  promptly  and  form  a  genuine 
[37]  callus  which  makes  goo<l  the  injury,  but  the  adult  leaves  merely  pro- 
duce a  layer  of  cork  in  the  immediate  neighbourhoo*!  of  the  lesion. 

Tlie  essential  mechanism  of  cicatrisation  has  not  yet  l)een  satisfac- 
torily analysed,  but  it  is  evident,  when  all  is  said  and  done,  that  it  is 
directed  by  the  irritability  of  the  living  protoplasm  of  the  vegetable 
cells. 

^lany  plants  protect  their  Moimds  iritli  a  kind  of  dressing,  using 
for  that  purpose  juices  which  harden  on  exposure  to  the  air.  Some- 
times these  juices,  e.Q.  latex,  are  preformed  in  the  plant  and  are  as  it 
were  always  ready  for  use  ;  at  other  times  they  may  bo  formed  only 

*  "  La  cicatrisation  cIjoz  1©8  végétaux,"  Mém.  eoui-on,  d4  VAcad.  roy.  de  Belgique, 
Bruxellea,  1898,  t.  lvil 


le  result  of  an  injury.  In  tliis  latter  case  the  resins  and  guma 
■which  serve  to  close  the  wound  and  to  protect  the  living  parts  receive 
the  name  of  "  cicatricial  gecretions  "  (Wundsecrcte).  According  to  the 
view  fii-st  formulated  by  de  Vries,  those  juices  which  harden  under 
the  action  of  air  prove  of  great  service  both  as  natural  "dressings" 
and  as  i^afeguards  against  the  attacks  of  plants  and  animals.  Indeed 
many  of  these  secretions  contain  essences  whose  antiseptic  and  toxic 
action  is  now  generally  recognised'. 

The  suberisation,  the  formation  of  a  callus,  and  the  secretion  of 
juices  which  close  the  wounds,  are  all  means  readily  utilised  and  very 
potent  in  eiisurii»g  the  resistiince  of  plants  against  all  sorts  of  injurious 
influences  which  may  be  set  up  by  a  morbid  condition.  But  these 
processes  are  not  the  only  means  which  plants  have  at  tlieir  disposal. 
Tlie  living  elements  of  plants  usually  secrete  a  cell-juice  of  acid  re- 
action which  plays  a  very  important  part  in  the  defence  of  plants 
against  pathogenic  agents.  Laurent*  has  studied  this  phase  of  the 
immunity  of  plattts  ag-ainst  bacterial  decay.  A  variety  of  the  Bacillus 
eiili  mmitninis,  according  to  this  observer,  attacks  the  potato  by 
meAiii«  of  its  secretions  in  a  fashion  analogous  to  that  already  de- 
gcrilK'd  when  tliscussing  Scleral i nia.  This  bacillus  produces  a  sohible 
fumient  which  has  the  jMJwer  of  digesting  the  cellulose  membrane  in 
the  tuber  of  the  potato,  and  at  the  same  time  secretes  an  alkaline 
juice  without  which  this  digestion  cannot  go  on.  Heating  to  ^2"  C. 
destnivs  the  soluble  ferment  and  the  fluid  thus  heated  is  no  longer 
able  to  digest  the  layers  of  the  cell-menibranc  between  the  cells.  In 
Hpite  of  exposure  to  this  temperature,  however,  it  still  retains  intact 
otie  or  even  several  subsUujces  which  may  continue  to  cause  con-  [33] 
traction  of  the  protoplasm  and  ultimately  kill  it. 

Wlien  Laurent  placeil  cut  halves  of  tubers  coming  from  races  of 
potato  which  were  most  resistant  to  bacterial  decay  in  the  fluid  pro- 
duced by  tlie  BaciUus  coll  and  afterwards  inoculated  them  with  the 
'      itself,  he  invariably  found  that  the  vegetable  cells  were  pro- 
K,. .....;_.  alfocted, 

Tlie  alkaline  secretions  of  the  bacilliLS  studied  by  Laurent  may  be 
neutralised  by  the  acid  juice  of  the  potato,  and  when  certain  racee  of 
tuber»  prove  immune  from  decay,  it  is,  according  to  this  observer, 
because  of  the  production  of  sufliciently  acid  cell-juices.   Moreover  he 

1  Cf.  Frank,  "Die  Kranklieiten  der  Pfiaiizen,"  lircslau,  1^  Âufl,,  1896,  Bd.  i,  S.  43. 
'  **  Recherches  exiicrinientalcs  sur  les  maladies  des  plantes,"  Ann.  d»  tlntU 
J»tuttur,  Pari»,  16'i'J,  t.  xin,  p.  1. 
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actually  succcetîed  în  communicating  an  artificial  immunity  to  varie! 
of  the  [)otato  whicli  were  most  susceptible  to  decay  by  immersing 
tiiem  for  several  hours  in  solutions  of  certain  organic  acids.    Ou  the 
other  Imiid,  when  he  treated  varieties  endowed  with  a  well-marked 
natural  inmïunity  with  alkaline  solutions,  the  tubers  became  very^ 
8Ut<ccptibIe  to  the  decay  set  up  by  the  Itacillus. 

The  struggle  between  the  i)otato  and  the  Bacillus  coU  reduce 
itself,  then,  to  the  chemical  reaction  between  the  alkaline  cell-secr 
tions  of  the  micro-organism  and  the  acid  secretions  of  the  potat 
This  general  fact,  according,  to  Laurent,  explains  the  i>art  played  by' 
certain  ujanures  in  detcrminuig  the  susceptibility  or  the  resistanca, 
manifested  by  the  potato  and  many  other  plants  against  iufectiv 
diseases. 

We  know  that  the  a<1dition  of  phosphates  to  the  soil  increases  the 
innnunity  of  certain  cultivated  plants.  These  substances  are  g^reedily 
absorbetl  by  the  roots  and  produce  aci<l  salts  which  are  dissolved  in 
the  cell-juice.  The  nitrogenous  manures,  on  the  other  hand,  both 
potassic  and  lime,  diniitiish  the  resistance  of  the  same  plants, 
jtrububly  from  the  fact  that  they  bring  about  a  diminution  of  tl» 
acidity  of  the  cell-juice. 

But  the^c  manures  can  act  differently  on  different  plants.  Tims 
the  siune  phosphates  wliich  confer  imniiuiity  on  the  potato  againsit 
iwcteiial  decay  render  the  Jerusalem  artichoke  more  susceptible  to 
the  attack»  of  the  Sdcrotinla. 

Ijiurcnt  explains  this  fact  as  due  to  the  difference  in  the  reaction 
of  tlie  medium,  which  favours  the  action  of  one  or  the  other  of  the 
[39]  soluble  ft' rmont-s  of  the  two  parasites.    The  ferment  of  the  bacillus 
digests  the  cell-nienibraiie  in  an  alkaline   or  feebly  acid  medium, 
whereas  the  hyperacidity  which  results  from  the  absorption  of  the 
phosphates  prevents  this  digestion  and  consequently  aids  the  plant  in     n 
its  struggle.    On  the  other  huml,  the  ferment  uï  Srh'rotinia,  as  is  seei^| 
from  the  researches  of  dc  Barj',  will  digest  cellulose  even  in  a  dis^^ 
tinctly  acid  medium.    The  hypenicidity,  induced  by  the  phosphated 
maruire,  in  this  case  favours  the  parasite  and  enables  it  to  gain  the 
upper  hand  in  the  struggle  with  the  tissues  of  the  artichoke. 

In  addition  to  neutndising  the  microbial  ])roducts  the  acids  of 
the  cell-juice  also  act  injuriously  on  most  bacteria,  which  will  only 
develop  in  neutral  or  alkaline  media  ;  it  is  for  this  reason  that 
bacterial  diseases  are  so  much  mrer  in  plants  than  in  animals. 

The  secretion  of  cell-juices  is  consequently  a  very  inii>ortant 
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"element  in  the  defence  of  plants  ;  it  will  be  useful,  therefore,  to 
aseertain  aa  <lefinitely  as  possible  the  essential  mode  of  its  action. 
V^etable  cells  are  as  a  ntle  very  sensitive  to  the  influences  to  which 
they  arc  cxi>osed  ;  they  distiupiish  with  great  precision  the  changes 
■which  take  place  in  their  surroundings.  They  are,  indeed,  capable  of 
discenung  not  only  the  physical  properties  but  also  the  chemical  com- 
position of  the  medium  in  wliich  they  live. 

Vegetable  cells  estimate  very  accurately  the  osmotic  pressure  of  the 
fluid  which  bathee  them,  and  they  react  towards  this  solution  by  increas- 
ing or  iliminishing  their  own  internal  pressure.  Van  Rysselberghe', 
in  an  investigation  very  carefully  canied  out,  demonstrated  that 
when  vegetable  cells  (especially  the  epidermic  cells  of  certain  species 
of  Tradescantia)  are  placed  in  a  solution  of  greater  density  than  that 
to  which  the  cella  are  accustomed,  the  intracellular  pressure  increases; 
in  a  solution  of  less  density  the  pressure  diminishes.  These  changes 
in  osmotic  pressure  are  due  to  variations  in  density  of  the  cell-juice, 
whilst  these  variations  are  in  tiu*n  determined  by  chemical  transforma- 
tion». Thus,  if  the  cell  be  treated  with  a  too  concentrated  solution  it 
produces  oxalic  acid,  which  dissolving  in  the  cell-juice,  is,  owing  to  the 
«mallness  of  its  nmleculc,  very  osmotic. 

With  the  purpose  of  confirming  this  by  exact  facts  van  Rysselberghe 
1ms  studied  the  acids  of  the  cell-juice  of  Tradescantia,  In  the  normal  [40] 
juice  he  found  that  malic  acid  wiu*  constantly  present  and,  in  rare  cases 
only,  traces  of  oxalic  acid.  lie  then  dcteniiiued  the  acids  present  in 
the  leaves  of  the  same  plant  after  they  had  been  several  days  in  con- 
tact with  fairly  concentrated  solutions  of  cane  sugar.  In  each  analysis 
lie  fouutl  oxalic  acid  in  (piite  appreciable  quantity.  There  is  then,  in 
the  plant  which  adapts  itself  to  more  concentrated  solutions  of  the 
me<litini,  a  production  of  oxalic  acid  which  serves  the  purpose  of 
increasing  the  pressure  of  the  cell-juice. 

The  origin  of  this  oxalic  acid  could  not  be  accurately  demonstrated, 

it  van  Rys-selberghe  considei'a  that  it  is  probably  formed  at  the 

cpen^e  of  the  glucose. 

According  to  the  researches  of  Giessler  oxalic  acid  is  localised 

ftpeciully  in  the  epidermis  and  generally  in  the  peripheral  tissues  of 

it  is  ver}'  probable,  therefore,  that  it  fulfils  a  jirotective  rôle 

st  all  kinds  of  injurious  influences.     Botanists  hold  indeed  that 

acid  keeps  herbivorous  animals,  especially  slugs  and  plant  lice, 

'  **  Reaction  osmotiquc  des  cellules  TégéUles,"  Mem.  cuuron.  de  CAcad.  r^'y.  de 
^tlffique,  Bruxelles,  1899. 
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from  attacking  plants  that  are  rich  in  this  substance.  It  is  of  U9 
also,  in  retiiining  the  moisture  in  the  superficial  cella.  It  is  vei 
probable  that  it  also  plays  aa  importiint  part  as  a  factor  in  the  mail 
teuaiice  iu  planta  of  immunity  agiiinst  bacterial  diseases. 

Tlie  vegetable  protoplasm,  which  is  capable  of  increasing  th 
production  of  acids  in  order  to  raise  the  osmotic  pressure,  can  also,  i 
case  of  need,  cause  a  diminution. 

Wlien  the  cells  of  Tradescantia  are  transferred  from  a  con 
centrated  solution  into  one  much  more  dilute  there  may  often 
observed  a  precipitation,  in  the  ccU-juice,  of  crystals  of  oxalate 
lime;  this  brings  alrout  a  diminution  in  the  osmotic  pressure.  Wliej 
the  ilensity  of  the  medium  is  altered,  and  the  vegetable  tissue  is  agail 
trJinsferred  to  a  stronger  solution,  the  oxalate  crystals  are  seen 
dissolve,  as  a  result  of  a  new  production  of  acid. 

These  chemical  processes,  so  important  to  the  life  of  plants  i] 
general  and  for  ensuring  to  tliem  immunity  against  infective  agent 
in  i>artieular,  are  dependent  upon  the  irritability  of  the  protoplasn 
Imprisoned  in  its  resistant  and  more  or  less  thick  membrane,  tb 
living  part  of  the  vegetable  cell  estimates  with  nice  discrimiuatio] 
every  change  that  t;ikes  place  around  it 
[41]  Ma^sart*  has  shown  that  the  stimulation  produced  by  traumatisn 
is  often  prupagated  a  considerable  distance  and  may  e.xcite  a  rcactioi 
in  very  remote  cells.  If  tlie  mid-rib  of  a  leaf  of  Impatiens  snlUtn 
be  cut  nctir  the  base  of  the  limb  the  wound  does  not  cicatrise  but,  i 
few  days  later,  the  leaf  liecomes  detached  fi'om  the  stem 

Irritability  is  a  fundamental  property  of  all  living  beings.  Th< 
plaut  may  react  by  rapid  movements,  as  in  the  case  of  the  Mlmoêt 
pud  ira,  or  more  alowly^ — by  chemical  reactions— as  in  the  ease  o 
adaptation  to  density  of  medium.  Tiiese  reactions  are  produced  ai 
the  result  of  various  irritabilities  which  exhibit  a  specific  character. 

It  is  this  specificity  tliat  determines  whether  the  reaction  that  i( 
manifested  by  the  movements  shall  be  produced  in  this  direction  oi 
in  that  The  stem,  owing  to  the  specific  irritability  of  its  linng  partai, 
turns  to  the  light  ;  whilst  the  root,  guided  by  a  diflFerent  irritabilit/j 
grows  down  into  the  soil. 

The  irritability  of  plants,  hke  that  of  unicellular  organisms,  ia 
subject  to  the  psycho-physical  law  of  Weber-Fechuer.    Pfeffer'  firs! 

^  "  La  cicatriBation,"  Le^  p.  61. 

*  UnUr$uch.  a.  d.  bolan.  Intt.  su  Tubingen,  Leipzig,  18S4,  Bd.  i,  S.  3G3. 
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demonstrated  tbis  for  the  motile  spenuatozoitls  of  the  Cryptogams. 
MaesartS  by  a  Bcries  of  ingenious  experiments  on  the  irritability 
of  a  Mould  (Phycomt/ces  nitetts)  to  light,  lias  aliown  that  the  same  law 
regulates  the  movemcnt-s  of  this  plant  towards  the  source  of  light. 
This  irritîibility  of  the  Fungus  to  light  is  much  more  delicate  than  is 
the  chemiotaxis  of  the  spcrmatozoida  of  the  Mosses  and  the  Ferns 
and  than  that  of  the  Bacteria. 

Errera  conclude<l  from  a  consideration  of  the  exi>eriment8  of 
van  Rysselbcrghe  that  the  osmotic  reaction  of  plants  must  also  come 
un<lcr  this  psycho-physical  law.  His  pupil  at  his  request  made 
83-stematic  researches  on  the  subject  and  the  results  have  entirely 
cuoGrmed  his  prevision.  According  to  the  data  obtained  by  van 
Rysselberghe*,  the  cellular  osmotic  reactior»  increases  in  arithmetical 
progression  sua  the  osmotic  stimulation  increases  in  geometrical  pro- 
gre>!sion.  The  osmotic  reaction  is  therefore  proportional  to  the 
logarithm  of  the  stimulation. 

To  sum  up,  the  phenomena  of  adaptation  and  of  immunity  in  plants  [42] 
are,  as  in  the  unicellular  organisms,  verj'  widely  distrilmted.  Plants 
defcn«l  themselves  by  means  of  their  resistant  membranes  and  by 
secretions  whose  physical  and  chemical  properties  they  are  able  to 
modify.  These  phenomena  are  dependent  on  the  living  parts  of  the 
cell  which  regidate  them  according  to  their  greatly  developed 
irritabilities.  Thanks  to  this  power,  j»lants  can  gradually  ailapt  them- 
eelvee  to  coucentmtion  of  the  medium  and  to  the  presence  of  poisons 
which,  at  first,  set  up  serious  disturbances.  Plants  therefore,  along- 
side a  natural  inunuuity,  possess  an  acquired  immunity  against  many 
pathogenic  agents. 

'  '"  Recherches  sur  les  organismes  inférieurs,"  Bull,  de  PAcad.  de  Belgique,  1888, 
2«  «érie.  t  xvi,  v,  12. 
*  L.C.,  p.  «a 
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PRELIMINARY  REMARKS  ON  IM^[UNITY  IN  THE 
ANIMAL  KINGDOM 


Examples  of  natural  immunity  among  tho  Invertebrates. — Immunity  against  niicr»- 
organisms  aud  iii8U8CC|vtil>iiity  to  microbial  puisons  are  two  diâtiuct  properties. —  j 
The  refractory  organism  does  not  eliminate  micro-organisms  by  the  excretory  ' 
channels. — It  destroys  tbcm  by  a  process  of  resorption. — The  fate  of  foreign 
bodies  in   the  organism. — The   resorption  of  cells. — Intracellular  digestion. —  j 
This  digestion  effected  by  the  aid  of  soluble  ferments. — Digestion  in  Pluniiriansl 
and    Âctinians. — Âctino-diastase.— Transition   from   intrucetlulor    digestion   to 
digestion  by  secreted  juices. — Digestion  in  tho  Iiighcr  animals. — Entomkynase 
and  the  part  it    plays  in  digestion.— The  psychical    and    nenrous    elements 
in  digestion. — Adaptation  of  tiie  pancreatic  secretion  to  tho  kind  of  food. — 
Excretion  of  pepsin  in  tho  blood  and  in  tho  virine.  J 

As  shown  in  the  two  preceding  chapters  unicellular  organisms 
aud  i)liints  affurd  evidence  of  numerous  phenomena  of  immunity. 
Alongside  natural  immunity  we  find  in  tliem  undoubted  evidence  of 
an  adapUition  to  the  prcseuce  of  morbific  agents,  evidence  which 
warrants  us  in  inferring  that  cases  of  acquired  immunity  are  frequent 
This  being  the  case  it  is  quite  natural  that  the  animal  kingdom  should 
be  no  exception  to  the  general  rule.  Indeed,  immunity  against  patho- 
genic agents  is  widely  distributed  iu  animals,  and  we  continually  see 
manifestations  of  natural  immunity  not  only  against  parasites  and 
their  toxins,  but  ugjiinst  poisons  in  general.  Just  as  fretjueutly  waj 
find  c<i8es  of  acquired  immunity  against  these  morbific  agents.  " 
As  yet  we  know  but  little  concerning  the  phenomena  of  immunity 
in  the  lower  animals  belonging  to  the  great  grouj)  of  the  Invertebrata. 
But  it  may  Im;  affirmed  with  certainty  that  these  also  are  ofteu 
endowed  with  a  natural  inununity  against  micro-organisms  and 
bacterial  toxins.  As  an  example  I  may  cite  the  case  of  the  large 
white  larvae  of  the  Rhinoceros  beetle  [On/etc^  luisicornis)  frequently 
met  with  in  t;inner's  bark.  Very  susceptible  to  the  cholera  vibrio — 
80*03  of  a  culture'  of  this  organism  being  sufficient  to  set  up  a 

*  [Probably  a  surface  growth  on  a  sloped  agar  tube  (Transi.).] 
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septicaemia — these  larvae  exhibit  a  very  remarkable  natural  immimity  [44] 
against  the  bacilli  of  anthrax  and  diphtlieria.  A  large  dose  of  bacteria 
of  the  second  anthrax  vaccine,  &tal  to  rabbits,  guinea-pigs  and  mice, 
is  borne  without  any  inconvenience  by  the  larvae  of  the  Rhinoceros 
beetle.  They  are  equally  re&'actory  to  large  doses  of  the  diphtheria 
bacillus.  And  yet,  there  are  not  wanting  species  of  insects  which 
are  susceptible  to  these  same  micro-organisms.  Thus,  according 
to  A.  KovalevskyS  crickets  contract  anthrax  very  readily  even  at 
moderate  temperatures  (22° — 23°  C).  On  the  other  hand  they  are, 
according  to  the  same  author,  refractory  to  the  bacillus  of  avian 
tuberculosis.  Many  of  the  Invertebrata,  studied  fix)m  this  point  of 
view,  present  analogous  facts,  with  which,  however,  we  need  not  at 
present  occupy  ourselves. 

In  the  Vertebrata  in  general  and  in  Man  in  particular,  natural 
immunity  against  many  infective  diseases  and  soluble  poisons  is 
so  widespread  that  we  are  at  no  loss  to  find  examples  for  citation. 
We  have  a  whole  series  of  human  infections  whose  study  is  rendered 
particularly  difficult  simply  because  of  the  natural  immunity  of  all 
other  species  of  animals  from  these  infections.  Such  are  syphilis, 
scarlatina,  leprosy,  exanthematous  typhus,  etc.  On  the  other  hand, 
a  large  number  of  diseases,  very  infective  for  domestic  animals,  are 
quite  innocuous  to  man.  In  this  group  we  have  cattle  plague, 
straugles,  contagious  pleuro-pneumonia,  fowl  cholera,  pneumo- 
enteritis  of  pigs,  and  a  number  of  other  diseases. 

As  in  a  very  large  majority  of  instances  pathogenic  organisms  act 
through  the  agency  of  their  toxic  products,  one  might  believe — and 
this  has  been  assumed  repeatedly — that  natural  immunity  against 
infective  diseases  is  dependent  on  the  insusceptibility  of  the  refractory 
organism  to  the  specific  poisons. 

Such  a  supposition  cannot  survive  criticism.  We  have  un- 
doubted instances  of  a  species  of  animal  being  resistant  both  to 
a  micro-organism  and  to  its  toxin.  Such  instances,  however,  are 
l'are  and  usually  an  organism  that  is  refractory  or  only  slightly 
susceptible  to  the  micro-organism  itself  is  very  susceptible  to  its 
toxic  products.  Even  those  micro-oi'ganisms  which  come  almost 
constantly  in  contact  with  the  human  organism  without  becoming 
pathogenic,  may  produce  toxins  capable  of  gravely  affecting  health. 

'  "  Etude  expérimentale  aur  les  glandes  lymphatiques  des  inTertébrés,"  Mélange$ 
hiol  de  FAcad.  d.  te.  de  StPétertb.,  1894,  t  xiii,  p.  453. 
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[45]  Let  us  take 


iple  the  bacillus  of  blue 


Tlii 


I 


example  the  Daeiilus  ot  ume  pus.  i  lus  orgrinism  is 
must  widely  diffused  iu  human  surroundings.  According  to  Schimniel- 
busch'  it  is  met  with  on  the  skin  of  the  arm-pits  and  of  the  inguinal 
region  of  one-half  of  mankind.  Fi-om  the  skin  it  very  often  passes 
into  the  dressings  of  wounds  which  then  assume  the  characteristic 
and  so  long  recognised  blue  colour.  The  same  bacillus  is  also  found 
in  the  intestines  of  both  sick  and  hcaltiiy  persons.  Jakowski'  has 
met  with  it  in  the  faeces  coming  from  intestinal  fistulae  in  two  women 
who  had  undergone  operations.  Now,  in  spite  of  these  specially 
favourable  conditions  for  the  production  of  infection,  the  BacUhm 
pi/ocyaneits  has  remained  harmless.  It  is  only  in  children,  and  ev 
then  rarely,  that  it  ca,n  be  convicted  of  exciting  disease,  Man,  thei 
usually  enjoys  a  true  natural  immunity  against  the  Bacilln»  pi/i 
cyaneuê.  And  yet  it  is  not  to  his  insusceptibility  to  the  pyocyani 
toxin  that  he  is  indebted  for  this  immunity.  Schaffer',  having  in- 
jected himself  in  the  siioulder  wth  half  a  c.c.  of  a  sterilised  culture 
of  B.  pyonjaucus,  developed  fever  and  an  ei*ysipelatous  swelling. 
Bouchard  and  Charrin*  injected  pyocyanic  toxin  into  patients  who 
reacte<l  with  more  or  less  fever  and  by  other  toxic  symptoms. 

Another  extremely  common  saprophyte,  the  Jfi^^rococrm  prô^ 
digiosHê,  is  incapable  of  setting  up  an  infective  disease,  but  this 
does  not  prevent  its  projiucts  from  exercising  a  toxic  action,  often 
Tery  grave,  in  man.  The  frog,  which  is  refractory  to  the  cholera 
vibrio,  undergoes  a  fatal  iutoxicjition  when  cholera  toxin  is  injected. 
One  of  the  most  striking  examples  is  furnished  in  the  case  of  th 
human  tubercle  bacillus  an<l  tuberculin.  Man  is  much  more  resistani 
than  is  the  guinea-pig  to  the  pathogenic  action  of  this  organis: 
yet  he  is  ineomixirably  more  susceptible  to  its  toxin  (tuberculin). 
According  to  the  researches  of  Behring  and  Kitashima',  the  sheep,  of 
all  species  of  manunals,  is  most  susceptible  to  the  tubercular  poison  ; 
the  Bovidae  and  the  guinea-pig  occupy  an  inferior  rank  in  the  scale 
of  susceptibility.  On  the  other  hand,  the  giunea-pig  is  very  sus- 
ceptible to  the  tubercle  bacilhis  ;  the  Bovidae  are  less  so  and  the 
[•16]  sheep  is  still  more  resistant  to  tuberculosis.  It  is  unnecessary  to 
multiply  instances.    Inununity  against  microbial  infection  and  against 

>  "  Uebor  grunen  Eiter,"  Volkniaim's  Samml.  klin.  Vortr^  2fo.  62,  Leipzig,  189.3. 

*  "Proccsans  chimiques  dans  les  inteatina  de  I'liomme,"  Arch,  d.  se.  biol.    de 
St-Pitertb..  18«»2,  t.  i.  p.  539;  Ztichr.  f.  Hyg.,  Leipzig,  1S93,  Bd.  xr,  S.  474. 

'  Cited  bv  Schimmelboach,  Le. 

*  Compt.  rend.  Acad.  d.  Se.,  Paris,  1892,  t  ii,  p.  1226. 

*  Beri  klin.  Wchuichr.,  1901,  8.  16a 
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itoxication  are  two  rlistinct  properties,  so  tliat  it  is  impossible  to 

letluce  the  former  to  an  insusceptibility  to  toxins.    We  must  tliere- 

)re  consider  these  two  kinds  of  immunity  separately  and  we  will  first 

insider  the  resistance  of  the  animal  organism  against  living  infective 

licro-urguiiisms. 

Refractory  human  beings  and  animals  may  be  inoculated  with 

a  large  number  of  micro-organisms  without  being  affected.    Thus 

<>]»itz'    injected    10,000,000    organisms    into    the   blood  of   a  dog. 

Twenty  miimtes  later  he  could  find  no  more  than  9001».     It  is  then 

quite  natural  to  ask,  Wîiat  becomes  of  these  micro-orguiiisnis  after 

^^they  have  ma<le  their  way  into  the  interior  of  the  refractory  organism? 

^■t,  has  been  suggested  that  the  animal  gets  rid  of  the  patliogenic 

^B^rms  much  as  it  docs  of  all  kinds  of  soluble  poisons.    Cert^iin  of 

^lUiese  poisons,  such  as  iodine  and  alcohol,  arc  in  great  part  eliminated 

by  the  kidneys  ;  others,  such  as  iron,  by  the  alinientjvry  canaL    Why, 

^^t  is  iLskeil,  should  not  micro-organisms  also  be  eliminated  by  the 

^Kame  channels?    Fliigge  has  adopted  this  view  and  has  expounded 

it  in  his  work   on  ferments  and  micro-orgauisras*.    Moreover  he 

suggested  to  Wyssokowitch'  that  he  should  carry  out  a  large  scries 

jf  experiments  with  the  object  of  verifying  this  theory.   But  numerous 

careful  researches  have  given  a  result  quite  at  variance  with  the 

>recast  made  by  Fliigge.  Micro-organisms  of  various  species,  injected 

ito  the  blood-vcKscIs  of  rabbits  and  dogs,  were,  in  those  cases  Avhere 

tho«e  animals  are  refractory,  never  eliminated,  either  by  the  kidneys 

>r  by  any  other  of  the  excretory  channels  which  were  studied.   When 

zteria  paj?s  into  the  secretions,  lesions  of  the  tissues,  more  or  less 

ive,  are  invariably  present. 

This  result  has  been  repeatedly  confirmed  and  has  been  accepted 

a  general  experience.    The  elimination  of  micro-organisms  by  the 

iiie  indicates  not  merely  the  absence  of  immunity,  but  implies, 

>,  a  susceptibility  of  the  organism.    In  many  septicaemias,  such 

those  produced  by  the  anthrax  bacillus,  the  streptococcus  and 

ler  bacteria,  or  in  less  generalised  diseases,  such  as  typhoid  fever, 

Bria  are  foimd  in  tlie  urine,  often  in  large  numljers.     In  these  [47] 

it  is  a  question  of  anything  but  a  refractory  condition  even  of 
lightest  degree. 

'  Zt*chr.f.  Ilyfj.,  Leipzig,  189S,  Bd.  xxrx,  S.  548. 

Fvriiiente  uuil  Mikroparositeii"  in  ZiouiMcn  a.  Pettenkofcr'a  "  Ilandbnch  dcr 
ue,"*  Leipzig,  1883. 
"Ueber  die  Scliiclc«a1o  der  in's  Bint  injicirtcn  Mikroorgauiamon,"  Zttchr.  /, 
Jlj/g,  Leipzig,  168(i,  Bd.  i,  S.  L 
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Id  recent  jeara,  howerer,  aérerai  wotia  hftve  been  published 
the   aim    of   «iiicb    was  to  demoDstrate   the   inaccuncy  of  this 
ajifarentlr  well-aitablished  thesis.     Biedl  and  Kians'  in  Viemia 
Utuk  the  initiatJTe  and  announced  in  a  detailed  wofk  that  micro- 
ori^anisnM  can  rearlilr  (lass  intact  into  the  kidney  and  that  this  oigan 
in  rirtoe  of  its  physiological  function  eliminates  them.  The  organisms 
were  said  to  leave  the  blood  capillaries  by  the  normal  process  of 
dbfiedesis  and  were  then  eliminated  with  the  urine.    The  liver  in 
a  physiological  condition,  according  to    the   researches   of  these 
authors,  is  equally  capable  of  allowing  of  the  passage  of  micro- 
on^nisms  ;  indeed  it  aids  in  discharging  them  from  the  svstem.    On 
the  other  hand,  the  pancreas  and  the  salirary  glands  were  incapable 
of  fulfilling  this  function.    Von  Klecki*  obtained  similar  resnlts. 
He  also  holds  that  the  kidney  is  the  principal  organ  of  elimination 
for  micro-organisms  which  hare  penetrated  into  a  refractory  organism. 
With  these  contradictions  before  him,  Opitz'  set  himself  to  study 
this  question  in  FlUgge's  laboratory  at  Breslau.    Having  critically 
reviewed  the  technical  methods  of  his  predecessors  and  carried  out 
H  scries  of  new  experiments,  he   declared  categoricaUy  "that  a 
physiological  excretion,  by  the  kidneys,  of  the  micro-oi;ganisms  which 
circulate  in  the  blood,  docs  not  exist"    For  Opitz  "the  frequent 
a]>|>e}irancc  of  micro-organisms  in  the  urine  of  animals  into  whose 
I»Io(kI,  u  short  time  previously,  living  bacteria  have  been  injected,  is 
due  to  mechanical  and  chemical  lesions  of  the  vessel  wall  and  of  the 
renal  epithelia." 

This  riuestion  might  be  looked  upon  as  definitely  settled  in 
favour  of  the  first  results  obtained  by  Wyssokowitch  were  it  not 
that  other  voices  hud  been  raised  in  favour  of  a  physiological 
excretion  of  the  micro-organisms  by  the  renal  channels.  F^wlowsky* 
has  recently  published  a  long  work  on  this  subject  in  which  he 
attempts  to  demonstrate  that  certain  micro-organisms,  even  when 
introduced  into  the  subcutaneous  tissue  of  animals,  pass  very  rapidly 
|4H|  (lit  the  end  of  a  qimrtcr  of  an  hour)  into  the  uvoi)oietic  organs  and 
are  eliminated  with  the  urine. 

It  was  necessary  to  put  an  end  to  these  controversies  and  Métin' 
undertook  a  Mcrics  of  researches  at  the  Pusteur  Institute  with  the 

»  Xlichr.f.  Ilya.,  Loipiig,  1897,  Bd.  xxvi,  S.  353. 

»  Arch./,  ejtpor.  Path.,  Leipzig,  1S97,  Bd.  xx.xix,  S.  39. 

"  Zlichr.f.  Hug.,  Loipiig,  1898,  Bd.  xxix,  S.  528. 

♦  Zt$ehr.f.  Iliig.,  Leipzig,  19()0,  Bd.  xxxiii,  S.  261. 

•  Ann.  de  finit.  Patttur,  Pari»,  1900,  t.  xiv,  p.  415. 
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object  of  clearing  up  this  question.  He  guarded  himself  against  the 
objections  justly  made  against  his  predecessoi-a  an<l  conducted  liia 
expérimenta  under  unexceptionable  conditions.  He  injected  several 
species  of  micro-organisms  into  the  veins  of  rabbits  and  into  the 
subcutaneous  tissue  of  guinea-pigs.  At  various  intervals  he  pcr- 
fomieil  laparotomy  on  these  animals,  pulled  out  the  bladder  and 
drew  off  the  urine  in  such  a  fashion  that  no  trace  of  blood  could 
get  into  it.  The  results  were  most  conclusive.  Xcver,  M'hen  the 
exi)erimeut  was  conducted  under  the  rigorous  conditions  just  meii- 
tionod,  ditl  the  micro-organisms  travci-se  the  kidneys  of  resistant 
animals  nor  were  they  ever  met  witli  in  their  urine. 

Mctin's  researches  on  the  passage  of  micro-organisnis  through  the 
liver  in  refractory  animals  gave  the  tsame  results.  In  no  case  was  |jo 
able  to  find  in  the  bile  any  of  the  organisms  that  had  been  hyected 
into  the  bloud  or  uuder  the  skin.  At  the  end  of  his  memoir 
Mirtin  sums  up  his  results  as  follows  :  "  (1)  The  kidneys  and  the 
liver  arc  impermeable  to  bacteria  introduced  into  the  organism, 
euKnitaneously  or  intravenously  ;  (2)  when  the  culture  tubes  contîiin 
colonies  of  the  injected  micro-organism,  it  is  because  there  has  been 
a  cerUiin  amount  of  blood  in  tlic  fluid  inoculated,  this  being  au 
indication  of  a  vascular  or  epithelial  lesion,  either  mechanical  or 
chemical."  We  were  present  at  M.  Métin'a  experiments  and  can  bear 
witness  to  their  exactitude. 

Tlicrc  can  no  longer  be  any  doubt  then  on  this  point.  The 
diminution  of  the  micro-organisms  from  the  refractory  animal 
takes  place,  as  iiidicateil  in  Wyssokow itch's  first  investigation,  neither 
by  the  kidneys  nor  by  the  liver.  Some  observers  have  asserted  that 
this  climin.itiou  may  take  place  by  the  sudoriparous  glands.  Thus, 
Brunner'  made  experiments  with  young  pigs  and  cats  into  which  ho 
hail  previouj*ly  injected  micro-org-anisms,  for  the  most  part  patho- 
(l^enic.  Then  producing  a  transpiration  by  means  of  pihjcarpin,  he 
"cultivated"  the  sweat  and  noted  the  development  of  the  same 
bacteria  as  he  had  introduced  into  the  blood.  In  a  single  experiment 
with  a  «iprophyte  (Coccohaciffris  prodifjkisus)  he  obtained  a  positive  [49] 
rc8ult,  from  which  he  concludes  that  the  refractory  animal  gets  rid  of 
bacteria  whicli  cii-culate  in  it^  blood  by  way  of  the  sudoriparous 
gland-t.  It  is  scarcely  allowable  to  draw  any  conclusion  from  this 
exjieriment  from  the  fact  that  the  snout  of  the  pig,  the  seat  of  the 
transpiration,  is  very  liable  to  small  vascular  lésions  which  might 
»  Bei'l.  klin.  Wchntchr.,  1891,  8.  603. 
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fumish  the  bacteria  that  developed  on  Btiinner's  plates.  Neverthe- 
less, even  in  the  case  of  pathogenic  organisms,  which  swarm  in  the 
blood,  the  sweat  is  usually  free  from  them.  This  has.  been  shown  by 
Krikliwy'  in  the  case  of  cata  inoculated  with  anthrax  whose  sweat, 
in  spite  of  the  passage  of  numerous  bacteria  into  the  circulation, 
coutjiijied  none. 

Micro-organisms,  then,  after  their  entrance  into  the  refractory 

animal,  are  not  eliminated  by  any  of  the  excretory  chanuels  which 

serve  for  the  elimination  of  many  of  the  soluble  poisons.    It  was 

necessary  therefore  to  seek  some  other  process  capable  of  affording 

an  explanation  of  the  disappearance  of  the  micro-organisms  which  go 

often  and  by  such  varied  means  make  their  way  into  the  interior  of 

a  resistant  organism.    Fur  it  is  a  well-estîtblished  fact  that  in  these 

cases  the  micro-organisms  do  disappear  completely.    This  has  been 

observed  so  often  that  it  is  unnecessary  to  offer  any  demonstration  of 

the  fact.    Perhaps  in  the  refractory  organism  the  micro-organisms 

undergo  the  fate  of  the  foreign  bodies  which  penetrate,  or  which  are 

introduced,  into  the  circulation.     It  has  long  been  known,  thanks 

especially  to  the  work  of  Hoffmann  and  Recklinghausen',  and  of 

Ponfick',  that  particles  of  carniiue  or  vermilion  when  injected  into 

the  blood  are  deposited  in  several  organs.    They  are  found  in  thel 

spleen,  the  lymphatic  glands  and  the  bone-marrow.  A  certain  number 

of  these  foreign  particles  may  even  be  fixed  in  the  liver  and  kidneys, 

but,  instead  of  passing  into  the  bile  and  the  urine,  they  remain 

lodged  in  the  interstitial  tissue  of  the  organs.     The  observers  just 

cited  noted  that  the  coloured  granules  do  not  remain  long  in  either 

the  blood  or  the  lymph  but  will  be  found  in  the  interior  of  the 

cellular  elements.    These  gi-anides   pei'sist   for  weeks  without  any 

appreciable  modification,  differing  in  this  fi-om  the  micro-organisms 

which,  as  a  rule,  after  scvend  days  or  even  after  a  few  hours,  disappear 

from  the  refmctory  organism.    This  disappearance  might  be  more 

justly  compared  to  the  resorption  of  corpui*cular  elements   which 

[50]  results  in  a  more  or  less  complete  atroi)iiy.    The  facts  concerning 

the  resorption  of  pus,  of  extravasated  blood,  of  the  mucosa  of  the 

uterus  in  pregnancy,  etc.,  have  long  been  known,  and  it  is  among 

these  that  one  should  seek  analogies  with  the  disappearance  of  the 

micro-organisms.    When  bacteria  of  vaiious  species  are  injected  into 

'  Vratch  {in  Russian),  St  Petersburg,  1890,  Nos.  8,  12. 

*  C^trntbl.f.  d.  med.  IVitaentch.,  Berliu,  J8G7,  No.  31- 

*  f^irchow't  Archiv,  18CU,  Bd.  xlvui,  8. 1. 
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refriictory  or  not  very  susceptible  animals,  we  always  observe  a  local 
reaction  in  the  form  of  intlammation,  accompanied  by  the  appearance 
of  white  corpuscles.  Gradually  the  organisms  disappear  from  the 
I>oiut  at  which  tliey  are  introduced  ;  the  exudation  becomes  sterile 
and  ultimately  is  completely  absorbed.  Xumerous  researches,  which 
will  be  set  forth  in  the  succeeding  chapters,  have,  indeed,  demon- 
strated the  remarkable  analogy  that  exists  between  the  disappearance 
of  the  raicro-organisms  from  tlie  refractory  animal  and  the  re8ori)tion 
of  corjmscular  elements  or  of  animal  cells. 

The  analysis  of  the  plienoniena  of  this  resorption  will  help  us 
considerably  in  our  study  of  immunity  against  micro-organisms. 
^V^len  in  any  part  of  the  animal  organism  a  collection  of  pus,  an 
effus>ion  of  blood,  or  any  other  organic  lesion  is  produced,  these  lesions 
are  usually  repaired  after  the  lapse  of  a  longer  or  shorter  interval. 
In  those  cases  where  the  cells  retain  their  integrity,  they  are  tsiken 
into  the  lyniphatic  vessels  and  then  pass  into  the  circidating  blood. 
In  the  course  of  his  researches  on  the  transfusion  of  blood,  Hayem' 
oliserved  "that  blood  injected  into  the  peritoneum  is  absorbed  un- 
altered and  passes  with  its  anatomical  elements  into  the  general 
circulation."  He  was  able  to  demonstrate  "that  the  lymphatic 
channels  play  an  important  part  in  this  absorption."  Lesage  of 
Alfort*  contirmed  this  result.  He  found  that  in  the  dog  "one  hour 
itfter  an  abundant  haemorrhage  into  the  peritoneum,  induced  ex- 
I>erinientally,  the  rc«l  corpuscles  commenced  to  pass  freely,  without 
Hltenttion  and  in  ver)-  large  numbers,  into  the  thoracic  duct."  I  have 
ohe«erved  a  similar  resorjition  of  the  red  blood  coqiuscles  of  the 
guinea-[)ig  when  injected  into  the  peritoneal  cavity  of  other  indi- 
viduals of  the  same  species.  The  white  corpuscles  can  also  be  tiiken 
up  by  the  lymphatic  vessels  without  being  modified  in  anj'  way.  At 
the  end  of  an  inflanmiatory  reaction  of  feeble  intensity,  set  up  in 
cold-bloo<led  animals,  especially  in  the  tadpole,  the  direct  passage 
of  leucocytes  from  the  exudation  into  the  lymphatic  system  may  be 
ob»crve<l. 

The  examples  I  have  just  cited  are,  however,  quite  exceptional,  [si] 
In  the  great  majority  of  cases  the  cellular  elements  that  are  under- 
{^ing  resorption  are  seized  by  the  amoeboid  cells  and  are  taken  into 
Uieir  substance.    Even  in  the  resorption  of  the  red  corpuscles,  lying 
firee  in  the  peritoneal  cavity  of  the  same  species  of  animal,  a  certain 

'  Compt.  rend.  Acad  d.  Sc..  Taris,  1884,  t.  xcviii,  p.  749. 
•  CtrnpL  remi.  Soc.  de  Not.,  Paris,  1900,  p.  553. 
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number  of  the  globules  do  not  pass  directly  into  the  circulation  but 
are  first  ingested  by  the  amoeboid  elements.  Tliis  fact  is  insiste»!  uiwn 
by  Lesage.  In  inflammatory  exudations  the  leucocytes  also  become 
the  prey  of  their  fellows.  The  ingested  white  corpuscles  may  bo, 
recognised  for  some  time  lying  in  tlie  interior  of  other  leucocytes  ; 
they  are  soon  broken  up,  however,  and  finally  disappear  completely. 
When,  instead  of  isolated  cells  sucli  as  leucocytes,  we  introduce 
fi-agmentij  of  tissues  or  of  organs  into  any  part  of  the  organism,  the 
same  mode  of  resorption  may  always  be  observed.  The  introduced 
fragments  arc  first  surrounded  and  infiltrated  by  amoeboid  cells  and 
are  then  tsiken  up  into  their  interior. 

The  mode  of  absorption  just  <leseribed  is  very  geneml.  It  applies^ 
to  all  kinds  of  cells  and  is  observed  in  the  absolutely  normal  organism 
as  well  as  in  a  large  number  of  pathological  conditions.  For  more, 
than  fifty  years,  the  existence  of  cells  which  contain  red  blood  coi 
puscles  ("blutkiirpcrchcnhaltige  Zellcn"  of  German  writers)  has 
been  recognised  ;  they  were  met  Avith  in  the  spleen,  tlie  lymphatic 
glands  and  in  many  pathological  products.  For  long  we  could  not 
explain  how  the  red  corpuscles  come  to  be  inside  other  cells. 
Virehow'  thought  that  they  got  there  as  the  result  of  a  mechanical 
pressure.  Later  histologists  succeeded  in  determining  the  true 
nature  of  cells  containing  red  blood  corpuscles  and  in  recognising 
tliat  the  leucocytes  had  really  ingested  the  coipustles.  There  has 
been  much  discussion,  also,  on  the  presence  of  leucocytes  in  the 
interior  of  large  cells  in  exudations.  It  was  thought  tliat  these  were 
mother-cells  which  contained  a  new  generation  of  small  cells.  Writers 
even  descriV)ed  a  fitsion  between  the  large  cell  and  those  found  inside 
it  ;  but  Bizzo/ero-  first  recognised  that  the  former  was  an  amoeIx>id 
[52j  cell  which  had  ingested  pus  corpuscles.  Since  this  observation  waa 
made  immerous  cases  have  been  described  in  which  difierent 
elements  have  l)cen  found  in  the  large  cells.  There  could  no  longer 
be  any  hesitation  in  interpreting  these  cases  as  instances  of  ingestioa 
by  leucocytes  or  similar  cells. 

The  changes  that  the  ingested  elements  undergo  within  amoeboid 
cells  may  l>e  compared  with  those  that  tjxke  place  in  intracellular 
tUgestion.  If  the  modifications  of  the  particles  ingested  by  the  Amoebae 
be  studied  side  by  side  with  those  which  take  place  in  ingested 

>  Vii-chous'i  Archir,  IS.W,  Bd.  iv,  8.  53ti. 

>  "lliutdb.  d.klin.  >(ikro8korie,"  1887,  S.  108;  Ooz.  med.  lombarda,  1871  andj 
1872  :  IVien.  medic.  Jahrbûeher,  1872,  S.  160. 
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cells  in  the  process  of  resorption,  a  striking  analogy  may  be  observed. 
To  establish  this  satisfactorily  it  is  essential  to  begin  with  a  study 
of  intracellular  digestion  properly  so  called,  especially  as  in  this 
phenomenon  we  have  the  fundaiuentitl  basis  of  the  whole  of  the  theory 
develoi)ed  in  this  work. 

In  our  first  two  chapters  we  hare  already  cited  examples  of  this 
intracellular  digestion  in  the  Protozoa  (Amoebae,  Infusoria,  etc.)  and 
in  the  Plasmodium  stage  of  the  My.xoniycetes.  In  all  these  cases  it 
goes  on  in  the  organi^inj,  in  a  distinctly  acid  medium,  by  the  aid  of 
ferments  which  coidd  be  demonstrated  in  the  Amocbne  and  Myxo- 
mycètes, and  which  are  analogous  sometimes  with  trypsm,  sometimes 
with  pejïftin. 

In  the  lower  Invcrtebrata  we  find  the  principal  source  of  our 
knowledge  of  intracellular  digestion  in  the  digestive  organs.  This 
form  of  digestion  is  met  with  in  Sponges,  in  the  whole  of  the  Coelen- 
terntes  (Medusae,  Siphonophora,  Ctenopliora,  etc.),  in  the  great 
majority  of  the  Turbellaria  (Planarians,  RhalHlocoela),  and  in  certain 
of  the  MoUusca  (the  lower  Gasteropods).  In  the  Invertebrata  higher 
in  the  animal  saile,  intracellular  digestion  in  the  digestive  organs 
becomes  more  and  more  rare,  and  sometimes  it  manifests  itself  only 
in  the  larval  condition  (Phoronis)  ;  ultimately  it  gives  place  perma- 
nently to  digestion  by  juices  secreted  into  the  gastro-intestinal  canal. 

In  his  sketch  of  the  comparative  physiology  of  digestion, 
Krukenberg'  sought  to  establish  two  types  :  protoplasmic  or  celhilar 
digestion  and  secretory  digestion.  The  former  is  eflected,  according 
to  this  observer,  by  a  vital  action  independently  of  any  production  of 
soluble  ferments.  Secretory  digestion  alone,  characteristic  of  the 
Vertebrates  and  of  almost  all  the  higher  Invertebrates,  is  effected  by 
means  of  these  ferments  (diastases  or  enzymes).  Many  observers, 
adopting  this  view,  maintain  that  intracellular  digestion  presents  [S3] 
a  purely  vital  phenomenon  essentially  different  from  that  of  chemic.il 
digestion  duo  to  juices  containing  soluble  fcrnients  secreted  in  the 
gaatro-intestinal  canal.  That  this  theory  is  absolutely  erroneous  the 
6i]ccee<ling  pages  of  this  work  will  furnish  ample  proof. 

The  Protozoa,  from  tiieir  small  size,  are  unsuitjible  for  researches 
on  the  essential  phenomena  of  intracellular  digestion.  Amongst  animals 
higher  in  the  scale  the  Planarians  lend  themselves  most  readily  to  the 
obocrration  of  this  process.  These  flat  worms  «re  very  conunon  in 
both  fresh  and  sea  water  and  are  cîisily  fed  in  captivity.  TJicy  are 
»  "Grundeiige  einer  vorgl.  physiologie  der  Verdnqung,"  Heidelberg:,  1882. 
B.  4 


n 


50 


Chapter  III 


very  voracious  animals  and,  among  other  things,  devour  the  blood  of 
man  or  animals  with  avidity.  One  lias  merely  to  allow  them  to  fast 
for  a  few  days,  and  then  to  give  tlieni  a  drop  of  blood  in  order  to  see 
their  digestive  canal  fill  itself  with  this  fluid 
(fig.  6).  Tlie  white  Planarian,  Dcndrococlum 
ladeuviy  is  well  adapted  for  these  researches. 
In  a  worm  that  has  sucked  blood  from  a 
Vertebrate,  owing  to  its  great  transparency, 
the  whole  length  of  its  intestine  with  its 
numerous  ramifications  may  be  seen.  For 
some  time  this  organ  remains  of  a  bright 
red  coloiu",  but  gradually  the  tinge  becomes 
brownish  or  faintly  violet.  These  changes 
of  colour  recall  those  observed  in  eflusiong 
of  blood  in  or  under  the  human  skin  result- 
ing from  contusions.  A  microscopical  ex- 
amination of  Phuiarians  that  have  been  fed 
with  blood  shows  that  the  coloration  of  their 
digestive  canal  is  due  to  red  blood  cor- 
puscles in  diftcrent  stages  of  digestion.  Im- 
mediately after  the  taking  in  of  the  blood  by 
the  Planarian  all  the  red  blood  coquiscles 
are  ingested  by  the  epithelial  cells  of  the  in- 
testine.  Connected  witli  tlie  wall  by  slender 

[54]  stalks,  these  elements  appear  as  large  amoeboid  cells  whose  free  end 
projecting  into  the  lumen  of  tiie  iiUestinc  sends  out  protoplasmic  pro- 
cesses which  seize  the  red  blood  corpuscles  and  convey  them  into  the 
interior  of  the  cell.  This  goes  on  very  nipidly,  and  in  a  very  short 
time  îill  the  red  corpuscles  are  found  within  the  epithelial  cells. 
As  a  result  of  the  increase  in  volume  of  these  cellular  elements 
the  intestinal  cavity  is  completely  occluded. 

Once  inside  the  cells  of  the  intestine  the  red  blood  corpuscles 

[56]  exhibit  changes  whioh  are  readily  followe<i  \nider  the  microscope.  It 
is  Iwtter  still  to  feed  the  Planarians  with  the  blood  of  those  lower 
Vertebrates  whose  red  corpuscles  are  nucleated.  In  my  researches 
I  have  used  the  blood  of  the  goose.  The  red  blood  corpuscles 
of  this  bird,  when  ingested  by  the  epithelial  cells  of  the  intestine 
of  Planarians,  are  usually  collected  into  compact  groups  (fig.  71, 
only  a  few  remaining  isolated.  The  majority  of  these  red  corpuscles 
soon   lose   their    normal    appearance    and    contour;    they  become 


Fta.  6.  Tonng  Planftriiin 
some  time  after  having 
sucked  goose's  blood. 
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roonded  and  fused  together,  but  the  nucleus  and  the  haemo- 
globin enable  us  to  recoguise  them  without  any  dlfficiilty.    Later 


y 


Fio.  7.  Intestinal  cell  of  a 
Planarian,  filled  with  red 
blood  corpuscles,  andergoing 
digestion,  of  the  goose. 


Fio.  8.  Digestion  of  red  blood 
oorpnsoles  of  the  goose  with- 
in an  intestinal  cell  of  a 
Planarian. 


the  red  colouring  matter  begins  to  diffuse  into  the  digestive  yacuoles 
which  form  around  the  corpuscles.  These  corpuscles  empty  them- 
selves, retaining  their  nuclei  and  capsules,  which  shrivel  more  and 
more.  The  nucleus  also  undergoes  almost  complete  digestion,  its 
membranous  layer  alone  persisting  (fig.  8).  Even  several  days  after 
the  digestion  of  the  blood  has  begun  one  can  still  find  debris  of 
perfectly  recognisable  red  corpuscles,  but  the  red  colour  has  been 
replaced  by  a  more  or  less  pronounced  brown  tint  In  the  last 
stage  of  the  digestive  process,  as  the  red  corpuscles  disappear,  the 
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protoplasm  of  the  intestinal  cells  becomes  filled  with  round  vacuoles, 
containing  brown  irregular  concretions — excreta — which  are  expelled 
into  the  intestinal  cavity. 

This  alow  digestion  of  a  substance  usually  so  easily  assimilable  a» 
blood  takes  place  entirely  within  the  epithelial  cells  of  the  intestine. 
Continuous  microscopical  observation  demonstrates  most  clearly  the 
complete  absence  of  any  extracellular  digestion  of  the  blood  corpuscles 
in  the  intestinal  content 
[M]       WTien  gofise's  blood  mixed  with  blue  litmus  powder  is  given  to 
Planarians,  the  coloured  grains  may  be 
found  some  hours  afterwards  inside  the 
epithelial  cells  of  the  intestine,  but  only 
a  few  of  the  blue  litmus  granules  change 
colour,  taking  on  a  light  violet  tinge  ;  the 
great  majority  retain  their  blue  colora- 
tion.   It  might  be  concluded  from  this 
that  in  Planarians  intracelhdar  digestion 
is  effected  in  a  ncutml  or  nearly  neutral 
medium.     If,  however,  the  preparations 
of  intestinal  cells  gorged  with  goose's 
blood  are  treated  with  a  1 7o  solution 
of  neutral  red,  we  at  once  notice  that 
the    red    corpuscles    and    the   vacuoles 
which  contain   them  are  9t4iined  bright 
red,  assuming  a  tint  similar  to  that  given 
with  picroca  villi  ne  staining  (fig.  9).    This 
colour  reaction   indicates,   according  to 
our  researches  on  neutral  red,  an  acid  reaction,  more  feeble,  however, 
than  that  met  with  in  raromaerium  and  many  other  Protozoa- 
Macerations  of  Planarians  in  normal  saline  solution  to  which  has 
been  added  a  small  quantity  of  the  red  corpuscles  of  the  goose's 
blood  exhibit  hi  vitro  a  very  dii^tinct  solvent  action  on  these  coi^ 
puscles,  which  become  rounded  and  lose  their  haemoglobin,  this  latter 
diffusing  into  the  surrounding  fluid,  and  at  the  close  of  the  experiment 
there  rcniiiin  sini]»ly  tlic  menihruTies  and  the  nuclei  of  the  corpuscles. 
The  study  of  tliese  Planarians  shows  us,  then,  that  the  food  of  these 
aninuils  undergoes  exclusively  intracelhdar  digestion  in  a  feebly  acid 
medium  and  by  means  of  a  soluble  ferment,  and  it  furnishes  us  with 
proof  tliat  typical  intracetlular  digestion  is  essentiallya  chemical  process 
due  to  the  intervention  of  enzymes.  Now  there  can  be  no  question,  here. 


y 


FtG.  9.  Portion  of  An  inteatinkl 
cell  o(  a  PluDEiian,  treated 
with  1"/,  neuttftl  red. 
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of  a  protoplasmic  action  proper,  but  the  branched  digestive  canal, 
so  intiimitcly  associated  with  the  parencliyma,  cannot  be  completely 
isolated  fixnu  the  rest  of  the  Planarian,  and  it  is  impossible  to  study 
t»  vitro  itâ  digestive  action  apart  from  other  tissues.  To  attain  tliia 
end  we  must  turn  to  animals  of  larger  size  and  those  in  which  the 
digestive  organs  can  be  isolated  more  easily.  In  the  Coelenterata 
intracellular  digestion  is  general.  Many  of  them  are  eo  transparent 
that  they  can  be  examined  in  vivo.  It  is  easy  to  observe  that  the 
particles  of  food  are  seized  by  amoeboid  processes  of  the  ento<lermic 
cells  and  that  they  jjass  into  the  substance  of  these  elements  there  to 
be  digested.  For  the  systematic  study  of  the  digestive  phenomena, 
however,  it  is  not  sufficient  merely  to  examine  all  that  takes  place  in 
the  living  animaL  Experiment  in  vitro  is  also  necessary.  For  this  [57] 
purpose  the  Actinians  or  sea-anemones  offer  us  really  excellent 
material.  As  these  animals  are  vciy  common  in  all  our  seas  smd 
are  easily  kept  alive  for  long  periods  iu  aquaria,  they  have  been  used 
for  various  researches,  among  others  for  the  study  of  the  process  of 
digestion. 

The  Actinians  are  easily  fed  in  captivity;  they  devour  morsels 
of  flesh,  of  8hriuii>8,  of  mollusca  and  other  marine  animals  with 
avidity.  The  ingenious  English  observers  Couch  and  G.  H.  Lewes' 
long  ago  demonstrated  that  morsels  of  food  when  iîitroduced  enclosed 
in  jK'rforated  quills  or  wr<ii)i>ed  in  test  pai)er  or  gutta  percha  silk  and 
swalluwed  by  the  anemones  were  afterwards  ejected  surrounded  by 
mucus  but  with  no  trace  of  digestion.  Having  failed  in  their  search 
for  digestive  juices  in  the  large  gastric  or  coelenteric  cavity  of  the 
Actinians,  Lewes  concluded  that  digestion  in  these  animals  is  effected 
in  a  purely  mechanical  fashion.  The  greatly  develoiwd  muscles  of  the 
Actinians  were  stijiposcd  to  squeeze  the  food  and  extract  its  fluid  which 
is  then  absorbed  by  the  walls  of  the  general  cavity.  It  was  not  until 
rcry  ranch  later  that  the  problem  of  digestion  in  the  Actinians  could 
be  resolved  in  any  accurate  and  definitive  fashion.  More  than  twenty 
yean  ago  I  demonstrated'  that  the  digestion  in  these  polyps  is  intra- 
cellular. In  order  that  a  clear  conception  of  this  phenomenon  may  be 
obtained  it  may  Ik?  useful  to  recidl  in  a  few  words  the  fundamental 
features  of  the  organisation  of  Actinians.  They  are  cylindrical  bodies, 
Homctimes  as  large  as  the  fist,  attached  by  their  base  to  stones, 
shells,  or  other  submarine  objects,  and  furnished  at  their  free 
extremity  witli  one  or   more   series   of   tentacles.     In  the  middle 

*  C-  H,  Lowe»,  "Sea-Bidc  Studies,"  Edin.  and  London,  1858,  p.  210. 

»  Zoo4.  Am.,  Leipsig,  1880,  Jahrg.  ui,  8.  261,  and  1882,  Jabrg.  v,  S.  310. 
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of  this  extremity  is  an  elongated  opening,  the  month,  which 
leads  into  a  spacious  sac,  often  spoken  of  as  the  stomach.  It  is, 
however,  only  a  kind  of  oesophagus,  through  which  the  food  passes 
into  the  large  coelenteric  cavity  which  is  divided  by  septa  into 
numerous  compartments  lined  by  the  entodermic  epithelium.  These 
septa  give  origin  to  many  very  long  and  tortuous  filaments,  spoken  of 
as  mesenterial  filaments  from  their  resemblance,  a  purely  superfidal 
one,  to  the  meseritery  of  higher  animals  (fig.  10).  When  the  Actinian 
is  hungry  it  protrudes  its  tentacles  in  order  to  seize  marine  animals, 
which  it  conducts  to  its  mouth.  The  lips  and  the  oesophagus  are 
[58]  used  to  estimate  the  qtiality  of  the  capture,  and  if  it  is  found 
unsuitable  the  anemone  rejects  it,  first  surrounding  it  with  a  layer  of 
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Fia.  10.    Longitudinal  section  of 
an  Actinian  (after  HoUard). 


Fio.  11.  An  Actinian  in  which  carmine 
after  absorption  has  passed  into  the 
mesenterial  filaments. 


mucus.  If  however  the  food  is  found  to  be  suitable,  the  Actinian 
retains  it  in  its  large  cavity  and  throws  around  it  a  multitude  of  its 
mesenterial  filaments.  These  penetrate  it  in  all  directions,  and  as 
their  epithelial  cells  are  capable  of  sending  out  amoeboid  processes 
they  seize  and  ingest  the  particles,  which  immediately  enter  the  proto- 
plasmic content.  This  work  is  done  with  such  precision  and  nicety 
that  the  sea-aneraone  is  able  to  extract  the  contents  of  a  shrimp  from 
the  carapace,  which  latter  alone  it  rejects. 
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Tlie  epitlieliutu  of  the  mesenteruil  filnmcnts  is  therefore  the  organ 
of  digestion  in  the  Actinians.    The  nutritive  parts  of  their  prey  pass 
into  the  amoeboid  ev>ithelial  cells  and  there  undergo  a  purely  intra- 
cellular digestion.     If  we  add  to  the  Rhrinip-muscle  or  other  food 
^^  little  carmine  or  blue  litmtu^  powder,  the  mesenterial  filanieuts 
^Hngest  it  also  and   become  pigmented.     After  eating  carmine  they 
^Biisume  a  very  brilliant  rose  colour  (fig.  11)  ;  blue  litmus  colours  them  [.wl 
^^rose  violet    This  change  of  coloui'  in  the  interior  of  the  cells  of  the 
I      filaments  indicates  a  decidedly  aci«l  reaction  of  their  contents'.    When 
^Kone  adds  to  the  mesenterial  Qhiments  which  are  carrying  on  the  process 
^m>f  digestion  a  drop  of  a  1  **/,  solution  of  neutral  red  they  assume  various 
B shades  of  reil  (fig.  12). 

This  intracellular  digestion  in  the  Actinians  has  been  confirmed 

by  sevend  observers,  amongst  whom  njay 

be  cited  Chapeaux'  and  Bjelooussoff'. 

It   has   often   been  asserted,  however, 

^^Uiat,  along  with  a  digestion  in  the  in- 

^Hkrior  of  the  cells  of  the  mesenterial 

^■Blantetits,  there  in,,  in  the  Actinians,  a 

^^secretion    in   the  coelenteric    cavity  of 

their  body  of  fluids  which  digest  nutri- 

■tive    matter    by    means    of   a   soluble 

ferment    A  ferment  similar  to  trypsin 

has   been  extracteil  from  Actinians  by 

Xiéon  Frëdôrîcq  and  Krukenberg.     But,  in  presence  of  contradictory 
rtions,  it  remained  undecided  whether,  in  the  enzymatic  digc>tion, 
ferment  does  its  work  in  the  fluid  of  the  coelenteric  cavity  or 
liethcr  it  represents  the  active  factor  in  intracellular  digestion. 
AVitli  the  object  of  definitely  elucidating  a  problem  of  such  general 
portatice,  Mcsnil,  the  superintendent  of  my  laboratory,  has  been 
enough  to  carry  out  a  fresh  series  of  experiments  on  the  digestion 
of  the  Actinians  and  has  studied  this  process  not  only  in  animals  kept 
in  captivity  in  aquaria  but  also  in  Actinians  living  under  natural  con- 
ditions in  the  sea*. 

As  intracellular  digestion  is  of  interest  to  xis  specially  in  connection 
with  the  resorption  of  formed  elements  in  the  tissues  and  cavities  of 

»  Mclclinikoff.  Anti.  df  r/iigt.  Pasteur.  Paris,  IS93.  t  vu,  p.  348. 

*  JinU.  Acad.  rcy.  de  Bflg.,  Brux,  ltt93,  t  xxv,  j».  '202,  and  Arch,  de  Zool.  ejtpér^, 
jrarii.  1MD.1,  3»«  série,  t  i,  p.  139. 

*  "  Etitdes  de  physiologie  mr  le»  Actinies,"  Charkoff,  1895  (In  Rns»iiin). 
«  Ann.  df>  VlntU  Piutcur,  Paris,  1901,  t  iv,  p.  332. 
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animals,  Mesnil  directed  hi^^  attention 

corpuscles  of  the  blood,     lie  made  use   of  the  red   corpuscles   of 

[60]  sovei-al  species  of  Yertebrata,  but  he  made  a  special  study  of  the 
digestion  of  nucleated  red  blood  coipuscles 
very  delicate,  and  may  even  luidergo  a  certiiin  degn 
in  ordinary  sea  Avater.  In  spite  of  tins  those  red  corpuscles  are  not 
tligested  in  the  coelcnteric  cavity  of  the  Actinians  but,  ouce  ingested 
by  the  entodenuic  cells  of  the  mesenterial  tihimeiits,  they  are  com- 
pletely dissolved  by  the  intracelluhir  digestion.  Mcsnil  «ilso  observed 
that  fibrin  is  not  digested  except  in  the  cells  of  the  filaments.  The 
facts  cited  by  Chapeaux  in  favour  of  an  extracellular  digestion  in  the^^ 
fluid  of  tlie  coclentcric  cavity  in  no  way  support  his  hypothesis,  and^^ 
reduce  tlioraselves,  according  to  Rlesnil,  to  a  digestion  by  tho  diastase 
of  blood  itself  fixed  by  the  fibrin,  after  the  bleeding,  at  the  moment 
of  the  formation  of  the  clot. 

For  a  certain  i>eriod  tlio  red  corpuscles  may  be  met  with  inside  the 
cells  of  the  mesenterial  filaments.  They  are  ingested  in  tlieir  normal 
state — oval  red  corpuscles  with  a  nucleus.  As  several  hours  are 
required  for  tlie  ingestion,  it  is  evident  that  the  fluid  of  the  coelenterie 
cavity  has  been  incapable  of  attacking  the  red  corpuscles.  In  the 
protoplasm  of  the  entwlermic  cells  the  red  corpuscles  become  rounded, 
their  walls  become  permeable,  and  tlie  liaenioglobin  begins  to  diffuse 
fi'om  tlietn.  It  passes  first  into  the  vacuoles  of  the  digestive  cells  and 
is  tliei),  in  part,  ejected  into  the  general  boily  cavity.  The  haemo- 
globin ia  transformed  into  a  green  substance  which  reminds  one  of 
biliary  pigment.  The  membranes  and  nuclei  of  the  red  cori>uscle! 
are  also  digested  and  ultimately  disappear  completely. 

The  digestive  cells  of  the  entoderm  ingest  not  only  blood  cor- 
puscles or  fibrin,  but  also  fragments  of  muscular  fibie  and  jiarticles  of 
carmine  and  litnms.  These  latter,  as  already  stated,  indicate  a  marked 
acid  reaction. 

In  the  Actinians,  then,  the  mesenterial  filaments,  or  rather  their 
entodermie  portion,  represent  the  real  organ  of  intracellular  digestion, 
There  ai-e  indeed  other  regions  of  the  entoderm  which  tdso  carry  o 
this  fxmction.  but  in  îin  insignificant  degree  as  compared  with  the 
mesenterial  fitaments  which  are  capable,  hoMcver,  not  only  of 
ingesting  and  digesting  solid  substances,  but  also  of  absorbing 
solutions.      IMesnil    lias    demonstrated    this    by    injecting    soluble 

[01]  colouring  matters,  such  as  eosin,  carminate  of  ammonia,  etc.,  into 
Actiuians.    These  solutions,  although  in  great  jmrt  absorbed  by  the 
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digestive  cells  of  the  mesenterial  filuiueuts,  can,  however,  also  be 
retaimHl  by  other  elements,  amongst  others,  the  cells  of  the  ectoderm. 
As  the  digestion  of  the  food-particles  goes  ou  within  the  ento- 
dermic  ccIIh  of  the  mesenterial  filaments  and  as  these  organs  can 
easily  be  isolated  from  the  rest  of  the  Actinian,  Mcstiil  was  able  to 
study  with  great  precision  and  care  the  phenomena  of  digestion 
outside  the  organism.  With  tiiis  object  he  prepared  extracts  of  the 
filaments  in  sea-water  and  studied  their  action  on  various  nutritivo 
iiulKfUincos.  He  confirmed  the  discovery  of  a  soluble  ferment  made 
by  L(k>n  Fi'cdcricq  and  demonstrated  that  it  is  capable  of  digesting 
Lalbuniinoid  sulwtances  (fibrin,  coaguLitcd  albumen)  in  media  which 
^^■re  neutral,  slightly  alkaline  or  weakly  acid.  In  tliis  respect  the 
I  actino-diashtse  (the  name  given  bj  Mesnil  to  the  soluble  ferment 
'  of  the  Actiniaus)  approaches  most  nearly  to  papain.  On  the  other 
}iand,  it  is  distinguished  by  its  greater  sensitiveness  to  an  excess 
of  acid  and  also  by  its  more  powerful  action  on  coagulated  albumen. 

The  nctino-diastase  acts  vigorously  at  any  temperature  between 
15'  and  20°  C.,  but  the  optimum  temperature  for  its  digestive  action 
ma  between  30°  and  45°  C.  Higher  temperatures  weaken  the  diastatic 
jx>wer,  tuid  heating  to  55 — 6(rC.  inhibits  it  completely.  Among  the 
^roducte  of  the  digestion  of  albuminoidjj  by  actiuo-diastase,  Mesnil, 
like  his  predecessors,  found  not  only  a  notable  quantity  of  i>eptone 
V>ut  also  products  of  the  disintegration  of  the  albuminoid  niolei-ule, 
such  as  tyrosin  and  proteino-chromogen.  Consequently  actino- 
«liastase  resembles  Moutons  amoebo-diastase  in  certain  respects. 

Tlie  nucleated  red  blood  corpuscles  of  the  lower  Yertebrata  are 
very  convenient  objects  on  which  to  observe  the  process  of  intracellular 
digestion  within  the  cells  of  the  mesenterial  filaments.  Mesnil  has  alsn 
Ntudied  them  in  vitro  under  the  influence  of  actino-diastasc.  Under 
these  conditions  the  phenomena  of  digestion  recall  very  clearly  those 
that  have  been  observed  within  the  digestive  cells.  The  oval  retl 
corpuscles  of  the  fowl  and  goose  become  spherical  as  a  result  of  the 
solvent  action  on  their  membrane,  and  the  haemoglobin  dittuses  into 
the  fluid.  The  membranes  and  the  nuclei  of  the  corpuscles  are,  how- 
ever, little  altered  and  may  be  recognised  under  the  microscope.  The 
difference  between  this  and  digestion  within  the  cells  reduces  itself 
lo  u  more  feeble  digestive  action  of  the  aqueous  extract.  It  is  evident 
that  the  prepamtiou  of  this  extract  is  only  capable  of  bringing  into  [evj 
prominence  a  certain  proportion  of  the  actino-diastase  contained  in 
the  entoderm  ic  cells  of  the  filaments. 
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Mcsnil  has  fed  the  same  Actinians  with  repeated  doses  of  blood 
vrith  a  view  to  make  out  whether  the  cells,  under  these  conditions, 
acquire  any  special  aptitude  for  the  production  of  the  actino-diastase. 
Notwithstanding  numerous  attempts,  he  could  never  assure  himself 
that  this  takes  place  ;  the  rapidity  with  which  the  red  corpuscles  were 
dissolved  by  the  extract  of  the  mesenterial  filaments  was  the  same 
whether  this  was  prepared  from  Actinians  that  had  been  several  times 
fed  on  blood  or  from  those  that  had  received  none  at  all. 

From  what  I  have  just  described  no  doubt  can  exist  that  intra- 
cellular digestion  is  not  a  "protoplasmic"  process  essentially  difièrent 
from  that  which  is  brought  about  by  the  digestive  juices  secreted  in 
the  intestinal  canal.  In  both  cases  we  have  a  diastatic  action,  due 
to  soluble  ferments,  produced  by  living  elements.  In  intracellular 
digestion,  however,  the  diastases  cany  on  digestion  in  the  interior 
of  the  cells,  principally  in  the  vacuoles,  whilst  in  extracellular 
digestion  this  process  goes  on  outside  the  cells,  in  the  lumen  of 
the  gastro-intestiual  canal. 

It  cannot  be  doubted  that,  in  the  animal  scale,  intracellular 
digestion  represents  an  earlier  and  primitive  condition  for  the 
solution  of  the  footl  substances.  This  follows  irom  the  fact  that 
it  is  M-idcIy  distributed  amongst  the  lowest  animals,  such  as  the 
Protozoa,  Si>ongos,  CiK'Iontcrata  and  Turbellaria.  Intracellular 
digOiittion  only  gives  M-ay  step  by  step  to  digestion  by  secreted 
juices.  The  higher  Invertebrata  furnish  us  with  conclusive  testi- 
mony on  this  {Htint  Thus,  among  the  gasteropod  Mollusca,  there  are 
si>uie  which  exhibit  the  two  modes  of  digestion  in  the  same  animal. 
In  PhffMirhiir\  a  beautiful  mollusk,  without  a  shell  and  quite  trans- 
I>arenU  which  floats  on  tlio  surface  of  the  sea,  the  food  can  be  seen 
}vts$ing  into  the  cavity  of  the  digestive  canal,  where  it  undergoes 
a  proHminary  digestion  by  secreted  juices  ;  the  result  is  a  magma  of 
sntall  solid  |virUcles  which  are  at  once  seized  by  the  amoeboid 
epithelium  of  the  ci>ecj»l  apixMulajres,  two  on  each  side  of  the  body. 
Intracellular  disrt'^tion  tlien  completes  the  proceas  and  ends  by 
di^is^^lviitg  the  nutritive  substances  and  reducing  them  to  their 
final  stage  previous  to  alisi>ri>tion.  On  adding  to  the  food  some 
j^rtWe*  of  cmnine  these  n«y  lie  found  along  with  the  digestible 
|v»rtiole*  in  the  interior  of  the  epithelial  cells  of  the  coeca. 
»«'  This  exemple  funiishct»  us  with  a  nxd  link  between  primitive 
intrMcx^llular  digt>sttvw  aiul  the  ivrfoote»!  «ml  derivative  extracellular 
digv<!4kHk    hi  the  same  gn>up  of  l«aslerï^H»ds  may  be  fiidlowed  out 
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Bcveral  stages  of  tli is  evolution  so  that  in  theliighcr  representatives  of 
tlie  group,  Buch  as  the  slugs  and  the  snails,  we  meet  with  digestion 
carried  on  only  by  secreted  juices  in  the  giistro-intestiual  contents. 
In  these  MoHuscti  a  voluminous  glandular  organ,  the  liver,  which  is 
certainly  «lerived  from  coecal  appendices  similar  to  those  oï  PhylUrhoc, 
la  now  met  with.  Regarded  from  this  point  of  view  tlie  liver  is,  as 
Claude  Bernard  has  stated,  an  organ  of  second  digestion.  I  think 
that  a  detiiiled  study  of  the  liver  of  the  MoUusca,  gidded  by  this  idea, 
will  give  results  of  considerable  imporL'ince. 

In  the  Vertebrata  intracellular  digestion  in  the  gastro-intestinal 
canal  almost  <lisai)i>ears  and  is  replaced  by  digestion  carrie<l  on 
by  means  of  ferments  contained  in  eecretetl  juices.  We  cannot,  of 
course,  otter  to  the  reader  anything  like  a  complete  account  of 
tliis  extrficellnlar  digestion  in  the  higher  animala  It  is  necessary, 
however,  to  draw  attention  to  several  aspects  of  this  function  which 
have  been  established,  thanks  to  the  progress  msule  during  recent 
jean,  in  obtaining  digestive  juices  and  in  the  study  of  their  action. 

For  the  study  of  intracellular  digestion  the  sea-anemone  is  tlie 
most  suitable  animal  for  our  puqiose  ;  for  that  of  extracellular 
digestion  the  dog.  In  tliis  latter  animal,  an  omnivorous  flesh-eater, 
the  food-substances  are  treated  by  digestive  juice.s  of  great  activity 
which  contain  a  whole  series  of  soluble  ferments.  The  stomach 
secretes  two  of  these  :  rennet  and  jjejisin.  The  j)ancreas  elabonites 
three  :  trypsin,  amylase  and  siipouasc,  which  act  on  the  three  main 
gnmps  of  foud-substances.  To  these  the  small  intestine  adds  a  8i>ecial 
ferment,  described  by  Pawloft'  under  the  name  of  enterokynase. 
Every  one  recognises  the  proteolytic  function  of  |)cpsin  and  trypsin 
and  the  analogies  and  differences  between  tiiese  two  diastases.  Nor 
need  i  dwell  on  amyhise  or  on  the  ferment  which  sa{)onifie8  fats.  But 
enterokyijuse  merits  special  attention  in  connection  with  the  study  of 
innnunity.  Pawloft"  entrusted  to  his  pupil  CUiépowalnikott'  the  study 
of  the  digestive  rôle  of  the  intestinal  juice  concerning  which,  up  to 
this,  very  little  was  known.  It  was  known  indeed  that  this  juice 
contained  weiik  sjiccharifying  and  inverting  ferments,  but  it  wan  [04] 
(generally  rcg;irded  as  a  secretion  of  little  importance.  Chepowal- 
uikoff  '  has  demonstrated  that  this  view  is  absolutely  erroneous.  The 
iiitciftinal  juice  fuHils  the  very  iniportitnt  function  of  accelerating  the 

•  AddrcM  delivcrwl  before  tlie  Société  de*  miiltcim  rutta  at  St  Petersburg. 
Gii3.  din.  (le  Dotkinc,  I  !«KK 

*  "  IMifsiologio  du  suc  iutcatinid,"  Suint-Pélergbourg,  1899  (Theais,  in  KiusioD). 
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action  of  the  three  pancreatic  ferments.  The  duodenal  juice  of  the 
dog,  especialk,  cotiUiiiis  eiiterokynase.  When  this  juice  is  mixed  with 
a  pancreatic  juice  that  by  itself  actively  digests  fibrin  and  albumen, 
digestion  takes  place  still  more  rapidly,  the  action  being  from  three 
to  four  times  as  great.  The  part  played  by  the  intestinal  juice 
becomes  even  more  evident  uhen  it  is  mixed  with  a  pancreatic  juice 
that  has  little  or  almost  no  activity,  as  is  the  case  of  that  from  dogs 
that  have  recently  been  openited  upon.  Thus  pancreatic  juice,  which 
has  no  action  upon  albumen,  digests  it  promptly  when  a  certiiin 
([uantity  of  duodenal  juice  is  added.  When  Chëpowalnikoff  took 
500  c.c.  of  inactive  pancreatic  juice  diluted  with  500  c.c.  of  water 
or  soda  solution  and  added  to  it  but  a  single  drop  of  intestinal  juice, 
the  mixture  exerted  a  manifest  digestive  actiou  on  coagu]ate<I 
albumen. 

If,  in  place  of  pancreatic  juice,  we  tike  the  aqueous  or  glycerinatei 
extract  of  the  pancreas,  which  by  itself  exerts  a  very  insignificant 
digestive  action  on  albumen,  and  add  to  it  intestinal  juice,  digestion 
takes  place  immediately.  If  it  be  admitted,  as  several  physiologists 
maintain,  that  the  inactivity  of  the  pancreas  is  due  to  the  foct  that  we 
have  zymogen  present  in  place  of  trypsin,  one  might  conclude  with 
Chépow;dnikotl'  that  "the  intestinal  juice  possesses  the  power  of 
transforming  the  zymogen  into  trypsin,  and  that  this  transformation 
takes  place  in  a  nnich  more  marked  degree  than  in  the  presence 
of  acids  or  the  oxygen  of  the  air"  (p.  137). 

The  intestinal  juice,  from  wiiatever  region  of  the  small  intestine  it 
be  derived,  exercises  an  undoubtedly  favourable  influence  on  the 
digestion  of  starch  by  the  pancreatic  juice,  but  this  action  ia  much 
more  feeble  than  that  on  trypsin  digestion.  The  action  of  the 
intestinal  juice  on  the  saponification  of  fats  is  even  less  marked. 
But  here  it  is  to  the  bile  that  the  more  important  rOU  is  transferrec 
This  fluid  also  augments  the  activity  of  the  pancreatic  juice,  bi 
in  a  manner  dift'erent  from  the  intestinal  juice,  for  it  acts  especially 
by  accelerating  the  digestion  of  fatty  substances.  ^_ 

[65]  The  actiou  on  the  pancreatic  digestion  is  not  in  any  way  interfere^H 
with  when  the  bile  is  heated  to  boiling  point.  On  the  other  hand 
the  intestinal  juice,  under  these  conditions,  completely  loses  its 
accelerating  rôle.  It  follows  from  this,  as  has  Ijeen  formulated  by 
Pawlott",  that,  in  the  intestinal  jidce,  the  existence  of  a  soluble  ferment 
which  is  destroyed  by  heat  must  be  admitted  ;  to  this  ferment  he 
proposes  to  give  the  name  of  euterokyuase.    Without  exercising 
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MeaeBBc;  at  the  Ftelev  Inalitate, 
opoiaeata.    He  kM  confined  the 
Im  added  new  date  of  great 
|è)ihàig5  of  ^geatioa  bnt  afco  in 
bUrakriiMe  aiytaia  fitan 
liwat  ;  canied  dsra  br  the 
«r  bne,  aloobol)  which  ennbie  OS  to  oUam  tlM 
bown  fefnwwrii  j  k  i»  «c—itiTe  to  high 
tt*a  is  anScint  to  do  avaj  vith  the  greatc 
Te(  aaotber  pimieiU'  of  enterokrnaâe,  vfaidi  it 
«i^  the  sniable  fctments  and  which  has  fior  as  a  tcij  special  interest, 
i»tkhciIitT  with  whîdi  it  attaches  itsdf  to  fifario.    Br  meane  of  lika» 
of  tkts  sabstance  ve  can  «t  any  tio«  ivmoTe  (rooa  a  inid  the  «hole 
of  Ike  eoterokjBBfle  oontamed  tiienin.    Thiâ  fixatire  inmicitj  is  very 
in  coiertion  with  the  part  which  eafaroftynase  piays  in 
The  fibrin  to  which  it  haâ  become  attached  absorbs  trypsin 
«ith  gnat  aridity.    If  we  introdnee  flakes  of  fibrin  iaprcgnated  with 
CBtcrofcyBaae  along  with  other  flakes  whidi  hare  not  bees  in  ooatnet 
*iUi  this  fennent  into  a  solation  of  trypan,  the  iionner  are  dl^ailed 
*iU)  great  rapiditj,  whikt  the  ktter  do  not  nndergo  aiiy  f^ttfy   The 
£brio  that  has  fixed  enterokjmase  is  capable  of  clearing  a  fluid  of  iti$ 
On  the  other  hand,  that  which  has  not  been  acted  opon  by 
iatestinal  jwioe  leare^  it  there  almost  unaltered. 
It  ii  of  the  Btmost  importanoe  that  we  ahonld  inlbnn  oondres  as 
la  tlie  orig^  of  the  enterokynase  of  the  intestinal  flnid.    lliis  flnid, 
vlieo  obtained  finom  a  fistoloos  opening,  finr  example^  mntaint  nMieas 
ad  t  oooaderaUe  amoont  of  tUbris  of  Tarions  kind^  of  «IIb.    What 
ve  the  elements  which  famish  snch  a  remarkable  ferment  f    Dele-  [cs] 
mnt  has  obtained  a  rerr  predse  aoawer  to  this  qnestioa.    The 
(Blafokyiiaae  is  not  cootained  in  the  mncosand  b  not  secreted  by  the 
■leitinal  ^ands  ;  it  oomes  from  the  lymphoid  organs. 

If  the  small  intestine  of  a  &sting  dog  be  washed  carefully  with 
all  the  pre-existing  enterokynase  is  removed  fhxn  it.    The 
s   patches   are   then  remored  and   treated  with  chloroform 
cr.    The  other  parts  of  the  small  intestine  are  similarly  treated, 
fluid  dissolTes  the  enterolLynase,  as  it  does  the  other  soluble 
We  find  that  the  Peyer's  patches  (umt«h  enterokynase, 
tkat  the  rest  of  the  intestine,  including  liebcrkiihn's  {^d^ 
none. 
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We  know  that  the  Peycr's  patches  are  lymphokl  organs  in  whicl 
are  a  large  number  of  amoeboid  mononucleated  cells,  and  that  these 
elements  are  even  capable  of  ingesting  foreign  lx)die8  and  of  sub- 
mitting them  to  iutnicellular  digestion.     It  is  therefore  not  at  all 
astonishing  that  Delezenne  should  have  sncceeilc<l  in  finding  entero- 
kynase  in  the  mesenteric  glands  of  several  Mammals  (dog,  pig,  rabbit). 
These  glauils,  when  treated  by  the  method  just  mentioned,  yield  a 
substance  which  assists  the  action  of  trypsin  just  as  does  the  intestinal 
juica    Having  reached  this  point,  Delezenne  asked  himself  whether 
the  mononucleated  white  corpuscles,  so  closely  allied  to  the  mono- 
nucleated    cells    of   the    lymphoid    organs,   may  not    also    contain 
enterokyuase.    With  the  object  of  settling  this  point  he  collects 
exudates  that  were  rich  in  mononucleated  leucocj'tes  ;  in  these  al 
he  found  this  same  soluble  ferment.    Moreover,  tlie  leucocytic  layer 
of   the   blood    showed    itself   equally  capable    of   increasing,   ve: 
energetically,  the  action  of  trypsin. 

The  results  of  the  old  experiments  carried  out  by  Schiff  and  by_ 
Herzen  on  the  adjuvant  rôk  of  the  extract  of  the  spleen  in  pancreatii 
digestion,  must  without  doubt  be  ranged  alongside  those  we  have  jiu 
in<licated.    In  fact  the  mononucleated  cells  of  tlie  spleen,  like  those 
Peyer's  patches  and  of  the  mesenteric  glands,  contain  a  substan 
which  acts  like  enterokynasc.    Delezenne  has  given  us  a  défini 
demonstration  of  its  presence  and  action. 

In  iutnicellular  digestion  it  is  the  chemical  side  which  has  been 
most  difficult  of  demonstration.    The  purely  physiological  functioning, 
the  sensitiveness  of  the  digestive  cells  and  the  amoeboid  movements 
[67]  of  their  protoplasmic  processes  are,  on  the  other  hand,  so  manifcs^^f 
that  it  has  even  been  suggested  that  inti-ncellular  digestion  should  b^^ 
looked  upon  as  a  protoplasmic  phenouieuon  purely  vital  in  character.^j 

In  extracellular  digestion  through  the  agency  of  secreted  juice^f 
we  have  a  very  different  condition.     Here  the  chemical  side  is  the 
striking  feature,  the  physiological  factor  being  veiled  more  or  less 
completely.    Nevertheless,  thanks  to  recent  advances  and  above  nil 
to  the  labours  of  Pawloff's  disciples  in  8t  Petersburg,  this  problei 
has  been  elucidated  in  a  very  remarkaWe  fa.sliion. 

The  secretion  of  digestive  fluids  follows  definite  laws,  the  most 
potent  factor  being  the  reflex  action  of  the  nervous  system.  To  use  the 
expression  of  Pawloif,  the  study  of  the  process  of  salivary  secretion 
lute  revealed  a  real  psychology  of  these  organs.  You  may  fill  the 
mouth  of  a  ilog  with  small  ]iolished  peblvles  or  with  snow  ;  you  may 
pour  into  it  very  cold  water — the  Sîiliva  will  not  flow.     But  mercb 
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low  tlie  animal  to  see  sand  in  the  distance — the  glands  at  once 
fin  to  secrete  fluid  saliva.  Tempt  the  dog  with  flesh — and 
iraruediately  a  thick  saliva  appears  ;  show  him  dry  bread — saliva  is 
srettnl  in  abundance,  even  if  the  dog  has  no  givat  desire  to  eat 
The  same  phenomena  may  be  observed  in  the  stomach.  Mechanical 
imulation  by  inert  bodies,  such  as  stones,  provokes  no  secretion  ; 
lit  the  suggestion  of  a  meal  or  the  siglit  of  food  is  sufficient  to  call 
»rth  a  large  cpiantity  of  gastric  juice.  The  quantity  and  quality  of 
stric  juice  are  regulated  by  the  quantity  and  quality  of  the  food. 
id  given  to  a  dog  provokes  tiie  secretion  of  a  gji.stric  juice  endowed 
the  greatest  digestive  power.  That  which  flows  after  the  ingestion 
milk  contains  only  one-fourth  as  much  pepsin. 
In  spite  of  these  difterences  in  the  gastric  secretion  in  relation 
I  to  foo<l,  Pawloff'  and  his  pupils  have  never  been  able  to  assure 
^flhemselves  that  there  was  any  prolonged  and  chronic  adaptation  of 
^wie  gastric  function.  Tliey  were  struck  by  the  uniformity  of  tlie 
^^igestive  power  of  a  great  numljcr  of  their  dogs.  SamoïlotF'  iiad 
under  observation  three  dogs  placed  ou  different  diets.  In  spite  of 
^^be  very  long  jierioda  during  which  these  diets  were  given,  the  gastric 
^Hoice,  in  all  the  dogs,  presented  the  same  properties  and  manifested 
^Ku  appreciable  difference.  This  result  harmonises  with  that  indicated 
^ftlmve  as  obtained  in  the  Actinians  fed  with  blood  by  Mesnil.  In  spite 
^Htf  repeate<l  feedings  on  blood  from  tiie  same  species  of  animal,  the 
^Kxtract  from  the  mesenterial  filaments  was  in  no  way  different  from  [G8] 
^^hat  of  the  fasting  Actinians  used  for  control. 

,  The  pancreatic  secretion  is,  in  many  resixjcts,  a  more  perfect  type. 

^BVV  have  here  to  do  with  the  principal  agent  in  the  digestive  fiinction, 
l^^ithout  which  the  organism  coukl  not  continue  to  exist  The  advances 
_jna<le  in  surgery  have  enabled  us  to  remove  the  stomach,  first  in  the 
and  then  in  man,  ami  there  are  already  several  persons*  from 
rhom  the  stomach  has  been  removed  and  who,  in  spite  of  this 
leration,  have  continued  to  live.  A  portion  of  the  small  intestine 
ay  also  be  removed,  but,  in  order  that  life  may  not  be  endangered, 
considerable  portion  of  it  must  be  left  intact.  It  is  evident  tijen 
ïat  the  pancreatic  digestion  is  an  aiUnindjly  organised  function  both 
anrm^ds  and  in  man.  One  of  the  main  regidators  of  this  process  of 
tion  consists  in  the  great  sensitiveness  of  the  intestinal  mucous 
iue.    Just  as  the  organs  of  the  buccal  cavity  ix)S8ess  iu  the 

»  Arch.  d.  tc.  Wo/.,  St.-Péterab,  1893,  t  n,  p.  698. 
*  Ct  JJuU.  Aead.  d«  mid.,  I'aria,  1901,  p.  17. 
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specific  sense  of  taste  an  excellent  means  of  discrimination  in  the 
choice  of  foods,  so  the  mucous  membrane  of  the  small  intestine  is 
endowed  with  a  special  sensitiveness,  comparable  to  the  chemiotaxiâ 
of  unicellular  organisms  and  of  the  cells  of  more  highly  developed 
organisms.  Hirsch  and  Mehring  have  satisfied  themselves  that  the 
passage  of  the  contents  of  the  stomach  through  the  pyloric  orifice 
depends  on  a  reflex  mechanism  which  proceeds  from  the  upper 
7caches  of  the  small  intestine.  To  the  researches  of  the  school  of 
PiiwlofF,  however,  we  owe  what  light  has  been  thrown  on  this  question. 
The  duodenal  mucous  mcrabraue  is  endowed  with  a  well-developed, 
chciuiotaxis  for  acid  sul)8tances.  The  passage  of  the  acid  content 
of  the  stomach  into  the  duodenum  determines  this  chemiotaxis  and 
brings  about  a  secretion  of  alkaline  juice  whicit  neutralises  the  acid. 
This  contest  between  acid  and  alkali  forcibly  oills  to  our  mind  the 
analogous  phenomena  in  tliose  plants  that  defeiul  themselves  against 
the  alkaline  secretions  of  parasites  by  the  production  of  an  acid  (see 
Chapter  II).  As  in  these  lower  organisms,  tliis  battle  of  the  chemical 
secretions  is  regulated  by  the  action  of  living  and  sensitive  parts. 

When  the  acidity  of  the  mass  which  passes  through  the  pylorus  is 
too  uiaikcd,  the  reflex  coutiactiou  sUutiug  from  the  duodenal  mucosa 
arrests  its  passage.  Then  takes  place  a  neutralisation  of  the  acid, 
thanks  to  the  alkaline  secretion,  and  the  pylorus  is  again  allowed  to 
open.  This  mechauism  thus  regulates  the  pjissage  of  the  contents 
of  the  stomach  into  the  duodenum,  the  passage  taki[)g  place  in 
înstîJnients. 
[69]  The  sensitive  intestinal  mucous  membrane  can  estimate  not  only 
the  degi-oe  of  acidity,  but  nlso  the  other  chemical  characters  of  the 
aliments  which  pass  into  the  dtiodenuni.  This  chemiotaxis  is,  as  it 
were,  the  stiu-ting  point  of  tlie  reflex  action  which  excites  the  pan- 
creatic secretion  with  its  eoutainetl  three  ferments.  The  passage  of 
bread  through  the  pylorus  excites  the  secretion  of  a  juice  very  rich  in 
amylase  and  very  jtonr  in  saponase.  The  passage  of  milk  into  the 
duodenum  brings  forth,  on  the  other  hand,  a  juice  very  much  richer 
in  saponase  but  poorer  in  amylase  and  in  trypsin.  Flesh-meat 
provokes  the  secretion  of  a  imncreatic  juice  which  is  less  rich  in 
amylase  than  the  juice  poiired  on  bread,  but  richer  in  saponase.  Fat 
causes  the  secretion  of  a  juice  still  richer  in  saponase  than  is  the  juice 
poure«i  out  in  the  presence  of  bread  or  milk.  These  facts  now 
carefully  established — especially  by  Walter' — demonstrate  that  the 
I  Arch.  d.  te.  Wo/.,  St-Péloreb.,  1899,  t  TU,  p.  1. 
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IKincreatic  function  is  can-fully  iTj^uluted  as  regards  its  adaptation  to 
tlie  clianictcr*  of  the  foo«i  tsubstances  on  which  it  is  to  act.  Such 
adaptation  may  even  become  permanent 

Whilst,  as  already  sUitod,  the  «toniaeli,  under  the  influence  of  a  fixed 
diet,  is  inuipablc  of  effecting  any  lastinj^  modification  in  tlic  compusitiou 
of  it»  setreted  juice,  the  pancreas  may  reach  this  degree  of  perfection. 
AVljcn  a  dog  its  fed  for  several  weeks  on  brea<l  or  on  milk  and  is  then 
placed  on  flesh  <liet  its  pancreatic  juice  is  fuuiid  to  become  progi'es- 
eÎTcly  richer  in  trypsin.  Wiiilst  this  augmentation  of  the  proteolytic 
power  is  being  brought  about,  the  juice  becomes  poorer  and  poorer  in 
amyUuse.  AVassilieff'  has  carried  out  a  large  number  of  experiaieuts 
on  this  point  and  has  demonstrated  a  very  remarkable  adaptation 
of  the  pancreatic  juice  to  tlic  wants  of  nutrition,  an  adaptation  that 
may  become  permanent.  A  dog  which  has  been  accustomed  to  digest 
bread  and  milk  adapts  itself  to  this  nourishment  :  its  pancreatic  juice 
contains  leiss  and  less  trypsin,  but,  on  the  other  hand,  becomes  richer 
in  amylase.  Puwloff  observed  that  in  dogs  great  variations  in  the 
oomfM)sition  of  the  pancreatic  juice  are  often  pressent  ;  this  he  attributea 
to  the  diet  to  whicli  these  animals  had  been  previously  subjectetl. 

I^ot  oidy  does  the  quality  of  the  digestive  juices  accoamiodate  itself 
to  the  irants  of  digestion  ;  their  quantity  also  undergoes  variations 
according  to  the  part  that  these  juices  have  to  play.  Thus,  Pawlofl' 
has  observed  that  his  dogs  secreted  a  sidiva  which  was  very  fluid  and 
Tciy  abundant  when  he  gave  them  acids,  bitter  substances  or  other  sub-  [70] 
Bt&uce«  they  did  not  like.  On  the  other  hand,  the  presence  of  food  in 
the  mouth,  or  even  the  sight  of  it,  excited  the  secretion  of  a  thick  saliva 
containing  a  large  quantity  of  mucin.  In  the  first  case  the  part  played 
by  the  saliva  was  that  of  diluting  the  injurious  substances  as  much  as 
jKtKxible,  in  the  second  that  of  facilitating  the  deghitition  of  the  food. 

In  general  the  orgjuiism  manifesta  a  tendency  to  produce  mare 
digestive  ferments  than  it  actually  needs  for  digestion.  It  is  for  this 
Tcasoo  probably  that  they  are  often  found  outiiide  the  digestive  cajial. 
Among  these  ferments  pepsin  and  amylase,  especially,  have  been 
definitely  prove<l  to  be  present  in  the  urine  of  man  and  of  some 
BUUDmals,  notably  the  dog.  The  data  as  to  rennet  and  trypsin  are 
not  eo  well  established.  But,  as  several  of  these  fermentSj  such  as 
mnylase  and  trypsin,  may  be  derived  from  several  sources  in  the 
organism,  their  eUmination  'by  the  urine  is  less  important  for  the 
theais  I  bave  just  formulated  than  is  that  of  pepsin. 

*  Arxh.  d.  K.  lioL,  SL-Pétersb.,  1893,  t  n,  p.  219. 


66 


Cliapter  III 


Pepsin  was  found  în  tlie  urine  by  Briicke  exactly  forty  years  ago. 
It  is  more  frequently  found  in  the  morning  urine,  but  is  absent  from 
that  passed  immediately  after  the  principal  meal.  Leo  and  Senator' 
found  only  traces  of  pepsin  during  the  prolonged  fast  of  the  Italian 
Cetti  ;  but  the  day  he  broke  his  fast  they  were  able  to  demonstrate 
the  presence  of  a  considerable  quantity  of  this  ferment  in  his  urine. 

Delezenne  and  Froin,  witli  the  object  of  seeking  the  source  of  the 
urinary  pepsin,  extirpated  the  stomach  of  a  dog.  After  the  animal 
had  recovered,  they  fed  it  well  and  examined  its  urine  at  diflerent 
perio<ls  of  the  day.  By  the  methods  which  had  showii  the  presence  of 
pepsin  in  all  the  normal  dogs  taken  as  controls  they  could  never 
discover  the  faintest  trace  of  this  diiwtaae  in  the  urine  of  the  dog  that 
had  been  operated  upon.  On  the  other  hand,  the  urine  of  a  dog 
wliose  stomach  had  sinvpty  been  isolated,  contained  very  much  the  same 
quantity  of  pepsin  as  that  of  normal  dogs.  This  experiment  proved 
among  other  thnigs  tliat  the  pepsin,  before  it  could  be  eliminated  by 
the  kidneys,  nntst  have  been  re-absorbed  by  the  wall  of  the  stomach. 
[71]  From  tiiese  data,  combined,  it  must  therefore  be  admitted  that  the 
pcpsiu  found  in  the  blood  and  which  passes  thence  into  the  urine  cau 
only  be  of  gastric  orighi.  As  it  serves  no  useful  purpose  in  the  organ- 
ism we  must  conclude  that  a  portion  of  tlie  pepsin,  secreted  by  the 
Btomach  and  not  used  fitr  digestion,  has  been  rejected  as  superfluous. 

Tlie  study  t»f  tlic  digestive  function  of  animals  gives  us  infonuatiou 
on  a  large  number  of  points  of  the  highest  importance  for  the  com- 
prehension of  immunity.  Intracellular  digestion,  a  function  so  widely 
distributed  in  the  lower  anin>alt^,  is  verj'  intimately  connected  with  the 
phenomena  which  are  observed  when  micro-org<inisms  are  destroyed  in 
the  animal  organism,  Extracellular  digestion  furnishes  us  with  informa- 
tion concerning  many  of  the  features  of  progressive  adai>tation,  similar 
to  those  which  are  observed  iu  connection  witii  acquired  immunity. 

When  we  examine  the  phenomena  of  intracellular  digestion  and 
those  of  secretory  digestion  as  a  wliole,  we  see  that,  in  both,  the 
chemical  processes  are  subjected  to  tlie  intlucncc  of  the  living  parts 
of  the  organism.  In  the  lower  animals,  it  is  the  protoplasm  of  the 
amoeboid  cells  which  rcgidates  the  chemical  processes  in  digestion  ; 
in  the  liigher  animals,  this  rôle  is  taken  by  a  very  complicated 
apparatus,  in  which  the  nervous  system  plays  a  predominant  part. 

*  FïrcAowV  Archiv,  1893,  Suppl.  to  Bd.  rxract,  &  142.    The  question  of  urinary 
lucuts  U  sunimAriged  iu  Xeubauer  u.  Vogel'^  "Âualyse  des  Ilarns,"  Wiesbaden, 
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ingestion  in  the  tissues. — Rcsoqition  of  cells  in  tho  Inveriebrata. — Resorption  of  red 
corjiuscles  by  tho  phagocytes  of  tlie  V'ertobrata. — Phagocytes. — Various  cate- 
gories of  these  cell». — Macrophages  and  inicrophages. — Part  played  by  macro- 
^ages  in  the  resorption  uf  tho  formed  clouiciits. — Digestive  property  of  the 
iiueropha;^ic  organs. — Sulution  of  tho  red  blood  corpuscles  by  the  blood 
ssmms. — Tho  two  substances  which  operate  in  haemolysis.  Macrocytase  and 
fixatire. — Analogy  of  tho  latter  with  cutorokynase. — Escape  of  the  macrocytase 
daring  phngolrgig.  Sapprcssiou  of  phagolysis.  Resorittion  of  the  spermatozoa. — 
Pretence  of  fixatives  in  plasmas. — Origin  of  fixatiTcs. 


It  is  usually  undei-stood  that  nutritive  substances  roust  necessarily 
be  subjected  to  the  influence  of  the  digestive  juices  in  tho  gastro- 
îuteâtînal  canal  before  they  can  be  utilised  for  the  nutrition  of 
the  organism.  This  is  a  very  old  idejv.  It  was  based  on  a  well- 
IcDourn  experiment  by  SchifT  who  iigected  several  animals  intra- 
Tcnously  with  solutions  of  cane  sugar  and  egg  albumen  and  others 
witli  the  Same  subsUmces  after  they  had  been  artificia!!}'^  digested.  In 
the  fin<it  case  the  food  substances  passe<l  into  the  urine^  iu  the  second 
they  only  appeared  there  when  injected  in  large  quantities. 

At  the  recent  International  Congress  of  Medicine  held  in  Paris  in 
1000,  the  question  of  extra-buccal  nutrition  was  nauch  discussed'.  It 
baa  been  accepted  that  fats,  when  injected  into  the  subcutiineous 
daeues,  are,  at  least  in  part,  absorbed  by  the  organism,  but  that 
carbo-hydrates  and  albuminoids  are  never  absorbed.  This  is  perhaps 
true  from  the  point  of  view  of  clinical  metlicine.  But,  in  principle,  it 
mtist  be  admitted  that  food  substances  of  very  diverse  natures,  when 
introduced  into  the  organism  by  channels  other  than  the  gastro-  [73] 
inicstiiiul  canal,  still  undergo  profound  changes. 

'  Compt.  rend,  du  XT  J  I'  Cungrè»  intertmt.  de  Aféd.,  Paris,  10(U.  I,eubo,  "  Uebcr 
•ktrabaccalo  Emiihruiig,"  in  "Deutsclie  Kliuik  aju  Eingauge  d.  XX.  Jahrfaunderts," 
Wien  a.  Leipzig,  1901,  i,  8.  84. 
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When  we  inject  milk,  blood  serum,  or  white  of  egg,  that  is  to  say, 
materials  very  rich  in  albuminoid  substances,  under  the  skin  or  into 
the  peritoneal  cavity  of  laboratory  animals,  we  find  that  after  a  time 
they  disappear.  At  the  same  time  they  give  rise  to  modifications  of 
the  organism  which  indicate  that  these  injected  substances  have  there 
undergone  profound  changes. 

After  injecting  eel's  serum  into  rabbits,  Th.  Tchistovitch'  found 
a  substance  in  the  blood  of  the  injected  animals  which  gave  a 
precipitate  with  eel's  serum.  Shortly  afterwards  Bordet*  observed 
that  the  blood  of  animals  into  which  he  had  injected  cow's  milk 
acquired  a  new  property  :  it  gave  a  precipitate  with  this  milk,  a  con- 
dition never  observed  in  the  serum  of  untreated  animals. 

The  injection  of  white  of  egg  into  rabbits,  carried  out  by  Myers' 
and  Uhlenhuth',  brought  about  the  same  changes  in  the  blood  serum. 
The  researches  of  the  latter  of  these  two  observers  have  for  our 
present  purpose  a  special  interest  He  demonstrated  first  that  the  in- 
jection of  white  of  egg  into  the  peritoneal  cavity  of  rabbits  was  followed 
by  the  appearance  in  the  blood  serum  of  these  animals  of  a  substance 
which  precipitates  egg  albumen  in  vitro.  Uhlenhuth  then  obtained 
this  same  acquired  property  of  the  blood  in  rabbits  which  had  been 
made  to  swallow  a  considerable  quantity  of  the  white  of  hens'  eggs. 
Twenty-four  days  after  the  commencement  of  this  regimen  the  serum 
of  the  rabbits  precipitated  white  of  egg  in  the  test-tube.  This  example 
affords  a  marked  analogy  between  the  results  of  digestion  in  the 
alimentary  canal  and  those  of  resorption  into  the  tissues.  Uhlenhuth 
points  out,  indeed,  that  his  rabbits  which  received  the  injections  of 
white  of  egg  into  the  peritoneal  cavity  flourished  under  this  treatment. 

A  certain  number  of  similar  examples  are  now  recognised.  They 
all  indicate  that  various  nutritive  substances,  when  introduced  into 
the  peritoneid  cavity  or  under  the  skin  of  animals,  are  retained  there 
for  a  longer  or  shorter  time  and  are  subjected  to  certain  modifying 
influences  on  the  part  of  the  organism.  The  proof  that  these 
[74]  substances  are  not  eliminated  intact  by  the  kidneys  has  been 
furnished  by  a  large  number  of  expérimenta  Recently  Lindemann* 
and  Néfédieff*,  working  in  my  laboratory,  have  established  the  feet 

*  Ann.  de  Vlint.  Patteur,  Paris,  1899,  t  xin,  p.  406. 

*  Ann.  de  rintt.  Pasteur,  Paris,  1899,  t.  xm,  p.  225. 

»  CeniraM.f.  Bakteriol,  u.  Paratitenk.,  Jena,  1900,  V*  Abt,  Bd.  xxvin,  8.  237. 

*  Deuttche  med.  Wchusrhr.,  Leipzig,  1900,  8.  734, 

*  Ann.  de  VIntt.  Patteur,  Paris,  1900,  t  xiv,  p.  49. 
«  Ann.  de  titut.  Pasteur,  Paris,  1901,  t.  xv,  p.  17. 
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that  normal  blood  serum,  when  iiijecteil  under  the  skin  of  animaU, 
does  not  provoke  albumiuuria  at  all,  or  at  iea^t  produces  it  in  a  very 
insignifiamt  and  transitory  degree. 

The  mechanism  by  which  the  organism  modifies  these  nutritive 
subetaiices,  introduced  by  a  channel  other  thau  the  digestive  canal,  in 
not  as  yet  sufficiently  knowii;  and  is  therefore  not  easy  to  define. 
But  we  know,  very  definitely,  that  each  injection  of  serum,  whetiier 
of  white  of  egg,  milk  or  fatty  matter,  is  followed  by  a  rather  consider- 
able aseptic  inflammation  at  the  {K)int  at  which  these  substances  are 
iDtiXHiueed,  We  might  conclude  from  this  that  the  organism  digests 
the  food  substances  outside  the  gastro-iutestinal  canal,  by  means  of 
ail  infiâtmmator}'  reaction.  In  order  to  determine  more  exactly  the 
phenomena  that  appear  under  these  conditions,  it  may  be  useful  to 
consider  fii-st,  not  the  fluid  substtmces  but  the  solid  elements  that  are 
introduced  into  the  tissues  and  cavities. 

Let  us  begin  with  the  lower  animals  in  which  the  anatomical 
or^guiiioatJon  and  all  the  functions  are  of  a  much  more  simple 
character  than  they  are  in  the  Vertebrata.  In  my  Comparatwe 
Pttthohiffn  of  luflammudon  (Lecture  IV)  I  have  directetl  some 
attention  to  the  digestion  of  the  Sponges. 

Tlie  nutritive  substsinces — small  organisms — whether  they  may 
have  entered  by  the  small  openings,  so  numerous  on  the  surface  of 
Sponge*»,  or  have  Ix^en  introduced  through  a  rent  in  the  IkmIv  wall, 
uudergo  the  same  fate.  They  are  seized  by  vibratile  or  amoeboid 
cells  which  ingest  the  food  and  digest  it  by  an  intracelluLir  digestion. 
These  two  kinds  of  cells,  which  come  under  the  category  o(  Pfuu/oci/teif, 
hare  a  great  resemblance  to  one  another,  and  we  may  sjiy  that 
digestion  and  resorption  are  two  very  closely  related  phenomena. 

When  we  examine  somewhat  higher  Invertebnita,  such  as  the 
Meduiiac  or  certain  other  t'oelenterates,  we  can  still  trace  a  close 
analogy  between  the  tnie  digestion  of  the  food  that  goes  on  within 
the  epithelial  cells  of  the  entmlerm  and  the  resorption  of  certain 
Ibretgii  bodies  which  make  their  way  by  an  extra-buccal  channel  into 
the  interinediarj'  tissue.  Here  these  bo<lies  are  surrouude<l  by 
amoeboid  cells  whicl»  fulfil  their  function  as  phagocytes  by  ingesting  [75j 
and  digesting  the  substîinces  that  have  come  from  outside. 

It  in,  here,  unnecessary  tf>  go  over  the  whole  gamut  of  the 
perfecting  of  the  organisation  of  the  Invertebrata,  in  its  relation 
to  llie  re8or|)tion  of  foreign  bodies,  especially  as  it  has  already 
been   treated  in  my  Lectures    on    Inflannnatiou.     Let    us    choose 
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merely  some  of  the  more  common  and  better-known  representatives 
of  the  Invertebrata  and  dwell  for  a  few  moments  on  the  phenomena 
manifested  in  their  organism,  into  the  midst  of  which  hare  been 
introduced  a  few  nucleated  red  blood  corpuscles'. 

If  a  small  drop  of  defibrinated  blood  from  a  goose  be  injected 
beneath  the  skin  of  a  snail  and  another  under  the  skin  of  a  cockchafer 
larva,  the  red  corpuscles  are  disseminated  in  the  blood  fluid  which,  of 
itself,  is  incapable  of  modifying  them,  but  at  the  end  of  a  few  hours 
the  leucocytes  of  the  two  invertebrates  that  we  have  chosen  for  the 
experiment  will  have  ingested  a  certain  number  of  the  injected 
red  blood  corpuscles.  The  next  day  red  blood  corpuscles  are  still  to 
be  found  intact  in  the  blood  plasma,  but  the  great  majority  have  been 
devoured  by  the  leucocytes  (Fig.  13).  Inside  these  cells  the  red 
corpuscles  undergo  constant  and  marked  changes.  In  the  snail  they 
become  round  and  their  walls  permeable.  In  the  vacuoles  that  are 
produced  around  the  ingested  red  corpuscles  dissolved  haemoglobin 
is  found  (Fig.  14)  ;  a  portion  of  this  colouring  matter  passes  into  the 
nucleus  of  the  red  corpuscles,  so  that  it  also  has  undergone  a  pro- 
found change  (Fig.  14).  Many  of  the  nuclei  become  emptied,  only 
the  peripheral  layer  remaining.  This  layer  and  the  membrane  of  the 
red  corpuscle  are  the  parts  that  resist  the  action  of  the  leucocytes 
longest  and  they  are  foimd  for  some  time  after  their  ingestion.  The 
white  corpuscles  of  the  snail,  having  devoured  one  or  more  red 
corpuscles,  may  themselves  become  the  prey  of  their  fellows. 

In  the  "  ver  blanc  "  (French  popular  name  for  the  larva  of  the 
cockchafer)  the  phenomena  of  resorption  of  the  red  corpuscles  of  the 
goose  resemble  those  just  described.  The  blood  plasma  leaves  intact 
the  red  corpuscles  which  undergo  no  change  until  they  have  been 
ingested  by  the  leucocytes.  The  haemoglobin  diffuses  into  the 
leucocyte,  whilst  the  nucleus  and  the  membrane  persist  for  a  very 

[76]  considerable  period  (Fig.  15),  [though  they  lose  their  normal  aspect, 
shrivel,  and  become  transformed  into  an  irregular  mass  of  brown 

[77]  pigment  which  may  remain    in   the   substance   of  the    leucocyte 
(Fig.  16,  J»)  for  weeks. 

Having  once  iiyected  goose's  blood  into  snails  and  "vers  blancs," 
if  we  repeat  the  injection  several  times,  the  phenomena  observed  are 

I  The  TOBorption  of  the  red  blood  corpuscles  by  the  phagocytes  of  larvae  of 
starfish  {Bipinnaria)  and  of  Phyllirhoë  has  been  described  in  my  paper  on  intra- 
cellular digestion  in  the  Invertebrates  in  Arb.  a.  d.  ZooL  Inst.  d.  Univ.  Wien,  1883, 
Bd.  V,  Hft  2,  8.  141. 
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iuTariably  the  same.  The  red  corpuscles  are  unacted  upon  by  the 
plasma  and  undergo  the  same  changes  within  the  leucocytes.  These 
changes  are  in  fact  comparable  to  those  described  in  the  preceding 


Fio.  18.  Lenoocytes  of  a  ooclcliafer  larva 
oontaming  led  blood  ooiposdea  of 
a  gooae. 


Fio.  14.  Bed  blood  corpnsoles  of  a  goose, 
free,  and  ingested  by  lencocytes  of  a 
snail  (Helix  pomatia),  21  hours  after 
tbeir  injection. 


Fio.  15.  Lencocyte  of  a  eoololiafer  larva, 
7  days  after  last  injection  of  goose's 
blood. 


Fio.  16.  Leucocyte  from  peritoneal  cavity 
of  a  gold-flsh  after  ingesting  red  blood 
corpuscles  of  a  guinea-pig. 


chapter  in  discussing  the  intracellular  digestion  of  the  red  corpuscles 
by  the  intestinal  cells  of  the  Planarians.  In  both  cases  the  red  cor- 
puscles are  seized  by  amoeboid  cells  and  subjected  to  the  influence  of 
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their  contents.  In  the  intestinal  pliagocytes  of  the  Planamn,  as  in 
the  phagocytes  of  the  blood  (leucocytes)  of  the  snail  and  "ver  blanc," 
the  haemoglobin  diffuses  through  the  wall  of  the  red  corpuscle, 
whose  most  resistant  parts  are  tlie  nucleus  and  the  membrane.  These 
resistant  residual  fragments,  iinpregiuitcd  with  haemoglobin,  beconie 
brown  in  the  Planarian,  in  the  "ver  blanc,"  and  also,  but  in  a  less 
degree,  in  the  snail.  The  most  appreciable  difference  consista  in 
the  formation  of  excretory  vacuoles,  containing  concretions,  in  the 
Planarian,  and  the  absence  of  these  vacuoles  in  tlie  blood  phagocytes 
of  the  other  lnvcrtebn»t;i.  Wc  have,  however,  less  right  to  attribute 
a  fundamental  importance  to  this  difference,  in  tliat  the  phenomena  in 
the  Actinians,  which  ingest  tlie  red  blood  corpuscles  by  the  amoeboid 
cells  of  their  entodemi,  are  in  id!  respects  (with  the  exception  of  the 
presence  of  these  special  excretory  vacuoles;  eompanible  to  the 
phenomena  observed  in  the  Planarians.  From  the  fact  that  in  these 
two  examj)les  we  have  to  do  witfi  a  true  intracellular  digestion,  it 
must  be  adnn'tted  that  the  modifications  of  the  red  blood  corjiuscles 
witliin  the  jthagocytes  of  tiie  bloo<l  in  the  snail  and  in  the  larva  of  the 
coekcluifer,  must  also  be  placed  in  the  «inie  category  of  phenomena. 

In  order  to  make  a  more  thorough  study  of  this  intracellular 
digestion  in  the  phagocytes  of  the  blood,  we  must  direct  our  attention 
to  lai'ger  and  more  highly  organised  animals  than  the  snail  and  the 
"ver  blanc."  Let  us  take,  first,  an  example  among  the  inferior 
eohl-b!oi)de«l  Vertebrata.  The  red  blood  corpuscles  of  a  few  drops 
(0"25  cc.)  of  the  blood  of  a  guinea-pig  injected  into  the  peritoneal  cavitj 
of  a  gold-fish  {Cijpriuu!*  nuratHs)  are  not  appreciably  changetl  by  the 
peritoneal  fluid  itself;  but  the  imuierous  leucocytes  that  are  found  in 
[78]  the  peritoneal  fluid  seize  them  and  ingest  tliem,  just  a,s  <lo  the  phago- 
cytes of  the  blood  of  Irivcrtebrata,  or  the  intestinal  phagocj-tes  in  the 
Planarians  and  Actinians  in  the  case  of  tlie  red  liloo<l  corpuscles  of 
the  goose.  Kacli  leucocyte  of  tlie  Cjiprimts  ingests  several  red  WixhI 
corpuscles  and  subjects  them  to  intracellular  digestion.  The  stroma 
of  the  red  corpuscles  becomes  permeable;  the  haemoglobin  diffuses 
into  the  imtritive  vacuoles  and  at  the  end  of  a  shorter  or  longer  period 
the  whole  is  dissolved  and  deculorised  (Fig.  16).  Here  no  brown 
pigment  is  fwodueed  and  the  red  corpuscle^s  are  completely  digested, 
leaving  no  ''  remains";  in  this  respect  differing  from  the  process  iu  the 
Invertebrata  mentioned. 

This  result  depends,  probably,  partly  upon  the  more  feeble  resist- 
ance offered  by  the  non-nucleated  red  coi-puscles  of  Mammals,  and 
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.partir  upon  the  more  active  digestive  power  of  the  leucocytes  of 
Jfehes. 

Aa  the  result  of  several  injections  of  guinea-pig's  blood  into  the 
peritoneal  cavity  of  Cyjyrhins,  the  peritoneal  fluid  acquires  new 
pn»perticst'.  If,  a  fiirtnight  after  the  first  injection,  a  little  of  the 
peritoneal  exudation  in  the  gold-fish  be  withdraMii,  it  is  found  that 
a  4lrop  of  the  «eruni  which  floats  on  the  surface  pi-oduces,  almost 
immediately,  well-marlicd  agglutination  of  the  red  coq)uscles  of  the 
guinea-pig,  this  being  soon  followed  by  the  rapid  solution  of  these 
red  blood  corpuscles  in  the  fluid.  This  new  property,  which  does  not 
exist  in  the  luitreated  fish,  also  makes  its  appejirance  in  the  blood 
aenim  of  Cyprim  treatetl  with  guinea-pig's  blood.  The  exijcrinient 
is  very  succcsBful  at  a  temi>emture  of  18" — ID'C. 

As  the  solution  or  lysis  of  the  red  blood  corpuscles  in  the  serum 
is  exactly  like  that  which  takes  place  ■within  the  leucocytes  of 
Oy/irhiuH,  we  are  justified  in  assuming  that,  in  lx>th  cases,  it  is 
pnxluced  by  the  same  stdwtance.  And,  since  the  solvent  or  haemo- 
lytic  power  of  the  senim  is  only  acquired  as  the  result  of  the 
intracellular  digestion  of  the  red  blood  cori)uscles  by  the  leucocytes, 
it  is  probctbic  tiiat  the  solvent  substance  represents  the  intracellular 
ferment  derived  from  the  leucocyte». 

The  subject  we  have  just  broached  is  of  fundamental  inii>ort}ince 
in  connection  with  the  study  of  resorption  and  of  the  phenomena  of 
immunity  deiwndent  upon  it  It  is  necessary,  therefore,  that  we 
shouhl  go  more  fully  into  its  analysis.  With  this  object  vfc  must  first 
review  the  processes  that  go  on  during  resorption  in  the  higher 
aiiiiuals  and  continue  our  examination  of  the  changes  that  injected  [70] 
or  extravasated  bloml  undergoes  in  various  positions  of  the  organism. 

Tliis  study  is  rendered  compai-atively  easy  for  us  by  the  numerous 
resiearches  that  have  been  carried  out  by  pathological  anatomists  for 
the  purjwse  of  ascertaining  the  fate  of  etfnsions  or  extravasations  of 
bloo<l  so  frequently  met  with  in  disease.  It  has  long  been  known  that 
in  subcutaneous,  cerebral  and  other  haemorrhages,  or  in  hcimtised 
Inntr»,  there  are  found  in  the  escaped  blood  a  great  numl>er  of  cells 
containing  retl  corpuscles.  As  wjis  mentioned  in  the  preceding  chajiter, 
these  cells  were  evidently  amoeboid  cells  that  had  ingested  red  blood 
corpuscles.    To  Langhans*  especially  we  owe  a  detailed  study  of  the 

^  I  hkvtf  only  boou  able  to  discover  tho  liauiuolytic  pru[wrty  of  the  aeratus  of 
Cfprifiu  after  the  third  injection  of  guinea-j^ig's  blood. 
»   Virch/rtt't  Arckir,  1870,  Bd.  XLIX,  8.  «8. 
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phenomena  that  follow  extravasation  of  blood  produced  artificiallj  in 
the  subcutaneous  tissue  of  the  pigeon,  rabbit  and  guinea-pig.  In  all 
these  animals  the  haemorrhage  is  early  followed  by  exudative  inflam- 
mation, during  which  the  leucocytes  come  up  in  great  numbers  and 
ingest  the  red  blood  corpuscles  which  are  modified  in  the  interior  of 
the  leucocytes.  There  is  a  formation  or  deposition  of  pigment  and 
finally  all  traces  of  the  red  corpuscles  disappear.  In  Mammals  the 
pigment  is  brown  or  brownish,  just  as  it. is  in  the  Planarians  and 
in  the  "ver  blanc";  in  the  pigeon  it  is  green  and  resembles  that 
found  in  the  Actinians.  In  short  there  is  a  great  analog}'  between 
the  resorption  of  red  corpuscles  and  the  true  intracellular  digestion  of 
the  red  blood  corpuscles  that  goes  on  in  the  intestinal  cells  of  the 
Invertebrata. 

But  what  is  the  nature  of  these  amoeboid  elements  that  intervene 
in  the  resorption  of  the  extravasated  blood  ?  At  the  period  when 
Langhans  carried  out  his  investigation,  we  were  unable  to  differentiate 
the  cells  at  all  satisfactorily.  It  is  only  since  the  publication  of 
Ehrlich's  classic  researches  on  the  white  corpuscles  that  we  have 
been  able  to  bring  more  order  into  this  question.  Thanks  to  the  use 
of  various  aniline  stains,  Ehrlich  was  able  to  arrange  the  leucocytes 
found  in  the  Vertebrata  into  several  definite  groups. 

The  question  has  already  been  touched  upon  in  our  eighth  lecture 
on  inflammation  ;  it  is  therefore  imnecessary  to  treat  it  here  at  length. 
We  must,  however,  before  entering  on  the  analysis  of  the  essential 
phenomena  in  the  resorption  of  cells,  as  we  now  imderstand  them, 
give  a  rapid  survey  of  the  different  varieties  of  amoeboid  cells  that  are 
found  in  the  Vertebrata. 
[80]  Beside  mobile  amoeboid  cells,  represented  by  several  forms  of 
white  corpuscles,  we  must  distinguish  fixed  amoeboid  cells.  These 
are  permanently  fixed  in  certain  situations  in  the  body;  this,  however, 
in  no  way  prevents  them  from  throwing  out  amoeboid  processes  in 
various  directions  and  seizing  foreign  bodies  or  certain  elements 
of  the  same  organism.  The  nerve  cells,  the  large  cells  of  the  splenic 
pulp  and  of  the  lymphatic  glands,  certain  endothelial  cells,  the  cells 
of  the  neuroglia,  and  perhaps  some  connective  tissue  cells,  belong  to 
the  category  of  fixed  amoeboid  cells.  All  these  elements,  under 
certain  conditions,  are  able  to  ingest  solid  bodies  ;  consequently,  they 
act  as  phagocytes.  With  the  exception  of  the  cells  of  the  nerve 
centres,  all  these  fixed  phagocytes  are  of  mesoblastic  origin.  It  has 
been  much  discussed  whether  certain  processes  of  the  nerve  cells  may 
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not  r^lly  serve  to  seize  foreign  bodies  and  carry  them  into  the  cell 
contents.  It  appears  to  us  that  sometimes  they  undoubtedly  do  fulfil 
this  function.  For  example,  it  is  only  by  means  of  such  amoeboid 
movements  that  leprosy  bacilli  can  be  introduced  into  the  interior  of 
ganglion  cells  and  cells  of  the  spinal  cord\  We  must  not  dwell 
on  this  question,  as  the  phagocytic  property  of  the  nerve  elements 
plays  no  part  in  the  resorption  of  cells.  On  the  other  hand,  the 
neuroglia  cells  contribute  largely  to  this  process  and  their  phagocytic 
function  is  now  admitted  by  many  observers^ 

For  long  the  large  "  dust  "  cells  of  the  respiratory  channels  were 
looked  upon  as  being  epithelial  ceUs  which  were  capable  of  ingesting 
carbon  particles,  micro-organisms  and  other  foreign  bodies.  The  re- 
searches of  N.  Tchistovitch,  carried  out  in  my  laboratory  more  than 
twelve  years  ago,  made  it  evident  that  these  elements  are  nothing 
more  than  white  corpuscles  that  have  immigrated  into  the  alveoli 
and  bronchL 

It  is  probable  that  the  same  is  the  case  as  regards  the  stellate  cells 
of  the  liver,  known  as  Kupffer's  cells.  First  described  by  Kupffer 
as  cells  of  a  nervous  type,  having  long  processes,  they  were  later 
recognised  by  several  observers  as  belonging  to  the  endothelial  [81] 
tissue  of  the  blood  vessels  of  the  liver.  Kupffer'  himself  has  ac- 
cepted this  view  and  in  his  recently  published  monograph  on  these 
stellate  cells,  he  describes  them  as  endothelial  cells  that  have 
retained  their  independence.  Some  researches  on  the  resorption 
of  blood,  of  which  I  shall  speak  shortly,  have  led  me  to  think 
that  these  cells  are  nothing  but  white  corpuscles  that  have  been 
arrested  in  the  hepatic  capillaries.  I  have  asked  Mesnil,  head  of 
my  laboratory,  to  study  this  question  for  me.  His  investigation  is  not 
yet  concluded,  but  the  demonstration  already  made  that  the  livers 
of  guinea-pig  embryos  and  new-bom  rabbits  do  not  possess  any 
Kupffer's  cells  is  an  argument  in  favour  of  my  hypothesis. 

Certain  white  corpuscles  have  undoubtedly  been  often  mistaken 
for  epithelial  or  connective  tissue  cells.  We  must  not  conclude  from 
this,  however,  that  these  elements  are  never  capable  of  sending  out 
amoeboid  processes  and  of  ingesting  foreign  bodies.  It  would,  how- 
ever, be  useful  to  collect  new  and  incontestable  proofs  of  the 

»  Sondakewitch,  Ziegler'g  Beitr.  z.  path.  Anal.,  Jena,  1888,  Bd.  ii,  S.  129,  and 
Babes,  "  Untersuchungen  iiber  den  Leprabacillus,"  Berlin,  1898,  S.  58. 
'  Marinesco,  Compt.  rend.  Soc  de  Biol.,  Paris,  1896,  p.  726. 
»  ArcLf.  mikr.  Anal.,  Bonn,  1899,  BU.  lit,  S.  254. 
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accuracy  of  this  thesis.  In  spite  of  this  uncertainty,  it  may  be 
accepted  as  fully  demonstrated,  tliat  certtiin  fixed  amoeboid  cells, 
such  as  the  large  elements  of  the  splenic  pulp,  of  the  lymphatic 
glands,  and  of  the  omentum,  play  an  important  part  in  the  reeorption 
of  cells.  It  is  there  that  elements  tilled  with  re<l  corpuscles  and 
white  corpuscles  in  process  of  being  destroyed  are  so  often  found. 
Just  as  certain  fi.\e<l  cells  do  not  function  as  true  phagocytes, 
so  also  in  some  leucocytes  this  function  is  undoubtedly  absent  The 
suggestion  has  been  made  several  times  that  any  cell  element, 
provided  it  be  young,  is  capable  of  ingesting  foreign  bodies.  The 
examination  of  white  corpuscles  proves  exactly  the  contrary.  The 
smaller  white  corpuscles  found  in  fairly  large  numbers  in  the  blood 
and  the  lymph,  and  which  are  commonly  known  as  hjmphoryte»  or 
miuU  lymphocytes,  are  simply  leucocytes  with  very  little  protoplasm 
which  in  this  state  never  fulfil  phagocytic  functions.  It  is  only  when  it 
becomes  older,  when  its  nucleus,  single  and  rich  in  chromatin,  becomes 
surrounded  by  an  ample  layer  of  protoplasm,  that  the  lymphocyte 
becomes  capable  of  ingesting  and  resorbing  foreign  bo<lies.  Several 
[82]  authors,  with  Ehrlich  at  their  head,  still  assign  to  these  larger  cells 
the  same  name— lymphocytes.  Others,  however,  give  them  the  name 
of  large  monoimclear  cells.  Confusion  is  thus  possible,  especially  as 
Elirlich  includes  uniler  the  same  term  the  large  mononucleatcd  leuco- 
cyte, a  very  rare  form  of  cell  in  huntan  blood,  which  is  distinguished 
by  the  greater  staining  capacity  of  its  nucleus.  To  avoid  this  incon- 
venience I  propoï*e  to  desigtiate  the  large  lyin|)hocytes  by  the  name 
of  blood  macrophages  and  lymph  macrophages  (haemoiwtcrophnyeê, 
li/mphotmtcrophages).  This  term  is  preferable  to  that  of  mononuclear 
leucocytes,  esj)ccially  as  in  exudations  we  frequently  meet  with  nmcro- 
phages  with  two  and  even  several  ahaqdy  separated  nuclei.  Giant  cells, 
moreover,  are  nothing  but  polynucleated  macrophages.  On  the  other 
hand,  the  leucocytes  so  often  designated  by  the  name  of  polynuclear  in 
reality  contmin  but  a  single  nucleus.  Even  Ehrlich,  who  introduced  this 
term,  acknowledge*!  its  iinjierfection  but  lie  retained  it  for  some  time 
bcatuse  it  was  already  very  extcii-sively  used  and  could,  he  thought, 
give  rise  to  no  misunderstanding.  In  his  excellent  work  on  anaemia, 
publisheil  jointly  ivith  Lazarus',  he  now  agrees  that  the  name  of  **  cells 
with  polynuu'plious  nuclei  "  would  be  more  exact 

'  Ehrlich  it  Luziirus,  "Die  Anaeiiiic,"  in  yolhirngfl's  ".S|)ecit'Ile  Pathologie  u. 
Thérapie,"  Wie»»,  I'sHS,  Bd.  viti,  l^'  Theil.  S.  49.  Cf.  the  autl»orisc<l  £ugli«h  trans- 
UtioD,  "Histology  of  the  Blood,"  Cambridge,  1900,  p.  74. 
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Tlicse  polynioqjho-iiuclear  leucocytes  are  very  numerous  in  the 
blootl  aiul  in  many  exudations  and  are  distinguished  by  the  greater 
selective  affinity  of  tlieir  nucleus  for  bjisic  aniline  dyes  and  by 
a  certain  tendency  of  the  protofilasui  to  become  stained  by  acitl 
uuiliuc  coloui-8,  such  as  eosin.  The  true  macroiihages  are  -without 
granulations,  but  tiie  "  polyraorpho-nuclear  "  leucocytes  contain 
many.  These  granulations  are  sometimes  "eosinophile,"  "pseudo- 
e«!*inophile  "  (or  ^*  amphophile  ")  or  even  "  neutrophile  "  (as  in  man 
and  the  horse). 

These  two  main  groui>s  of  leucocytes  are  generally  tlistributcd  in 
the  Vertebmta  ;  and  we  already  meet  with  them  in  one  of  the  lowest 
vertebrate  forms — the  Amnwcoetes  (the  larva  of  the  lamprey),  Tlie 
macrophages  nf  this  fish  present  all  the  principal  chanicters  of  the 
g^up  to  which  they  belong  (protoplasm  without  granules,  easily 
•taincd  with  methylene  blue,  large  nucleus  rich  in  imclear  juice).  In  [S3} 
the  "poly nuclear"  forms  in  this  lower  vertebrate  the  protoplasm  does 
not  Btain  with  methylene  blue,  but  assumes  a  faint  rosy  tint  with 
ewin;  the  single  nucleus  is  divided  into  several  lobes.  In  Vertebrates 
whicli  are  much  higher  in  the  scale  these  characters  change.  Titus  iu 
the  cayman  {Alligator  miseimipictms),  according  to  the  researches  of 
5Iadan>e  Podwyssotsky,  cai'ried  out  in  my  laboratory,  the  two  great 
varieties  of  leucocytes  are  readily  found  in  the  blood,  lymph  and  exu- 
dations. The  macrophages,  however,  especially  in  the  exudations,  are 
very  often  furnished  with  two  or  several  nuclei,  whilst  the  small  leuco- 
cytes jKJSsess  only  a  single  nucleus,  which  is  not  divided  into  lolx^s.  In 
spite  of  this  peculiarity  the  two  groups  are  readily  distinguished.  The 
staining  reactions  of  the  macrophages  are  identical  with  those  of  tlie 
corresponding  corpuscles  in  all  the  other  Vertebrata  ;  whilst  the  small 
leucocytes,  in  spite  of  the  absence  of  a  polymorphous  nucleus,  are  easily 
reoogiiiacd  by  their  eosinophile  graimlations  and  by  the  special  affinity 
of  the  nucleus  for  basic  aniline  dyes.  Under  these  circumstances  it 
would  be  quite  inappropriate  to  designate  those  leucocytes,  which  are 
re:dly  |K>lynuclear,  that  is  to  say,  possessing  two  or  several  nuclei,  by 
the  name  of  "mononuclear,"  and  to  reserve  tlie  name  of  "poly- 
nuclear  "  for  the  small  corpuscles  which  possess  only  a  single  nucleus 
uu<U\idcd  into  lobes.  For  this  reason  it  is  much  mure  rsitional  to 
retain  for  these  so-called  polynuclcar  cells  my  proposed  name  of 
nùerophages.  Moreover,  the  microphages  are  true  phagocytes.  It 
WW  formerly  thought  that  the  eosinophile  leucocytes,  such  as  the 
"'overfeti*  cells  (Mastzellen)  "  of  Ehrlich,  which  are  identical  with 
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the  dasmaton/tps  of  Ranvier,  never  ingested  foreign  bodies.  But, 
(especially  after  the  researches  of  MesiiiP),  we  have  been  compelled 
to  change  our  opinion  on  this  point.  The  true  eosinophile  cells  are 
able  to  devour  foreign  bodies,  especially  micro-organisms,  and  muBt 
therefore  be  regardetl  as  phagocytes  belonging  to  the  group  of 
microphages. 

It  is  the  peculiar  merit  of  Ehrlich  and  of  his  school  that  they  have 
thoroughly  estiblished  tlie  fact  that,  in  Mammals  at  any  rate,  the  two 
principal  groups  of  white  cells  are  distinguished,  amongst  otlier 
characters,  by  the  diversity  of  their  origin.  The  lymphocytes  and  the 
mononuclear  cells  are  developed  in  the  spleen  and  lymphatic  glands, 
whilst  the  "  polynuclear  "  cells  arise  from  the  granidar  mononucleated 
myelocytes  of  the  bone  marrow.  This  is  now  generally  accepted  as 
[31]  applicable  in  the  great  majority  of  cases.  In  Ammocoetcs,  however, 
the  two  chief  varieties  of  leucocytes  arise  from  one  and  the  same 
organ,  regarded  by  several  observers  as  a  kind  of  primitive  spleen, 
which  runs  along  and  in  part  surrounds  the  intestine.  Mcsnil  has 
been  good  enough  to  make  sections  of  this  primitive  organ  in  which 
it  may  be  demonstrated  that  the  macrophages  and  the  microphages 
in  the  larva  of  the  lamprey  Iiuve  the  same  scat  of  origin.  Frog 
tadpoles  and  Cartilaginous  Fishes  also  possess  microphages  which  do 
not  arise  from  the  Ix»ne  marrow,  since  in  them  this  tissue  is  completely 
absent  But  even  in  Mammals,  at  least  in  certixin  patliological  con- 
ditions, DominiciS  in  a  research  e.xecuted  with  much  care  and  a 
perfect  technique,  has  demonstrated  the  myelogenous  transformation 
going  on  in  the  spleen.  Thus  in  the  adult  rabbit  affected  with 
septicaemia  by  the  typhoid  bacillus,  he  found  in  the  spleen  de- 
velopmental centres  of  amoeboid  elements  which,  normally,  appear 
to  develop  in  the  bone  niiUTOw  only,  i.c,  the  mcgjicaryocytes,  or  large 
cells  with  budding  nuclei,  the  neutroiihile  myelocytes  (amphophiles), 
basophilcs  and  eosanophiles. 

The  mesoblastic  phjigocytes  of  the  Vertebrata  are  divided,  then, 
into  lixed  phagocytes — the  macrophages  of  the  spleen,  endothelia, 
connective  tissue,  neuroglia,  and  m\iscle  fibres — and  free  phagocytée. 
These  latter  are  sometimes  haemo-  or  lyniitho-macrophages,  sometimes 
microphages.  The  fixed  macrophages  and  the  fi'ee  macrophages  re- 
semble one  another  so  greatly  that  it  is  very  often  extremely  difficult, 
if  not  impossible,  to  differentiate  them.    For  this  reason  it  is  often 

>  Ann.  de  I'lntt,  Peut  cur,  Paris,  189.5,  t  ix,  p.  301. 
*  Arch,  de  mid.  earpir.,  Pari»,  1901,  t  xni,  p,  1. 


Resorption  of  the  formed  elements 

rery  useful,  when  the  exact  orijjin  of  a  large  phagocyte  is  not 
known,  simply  to  name  it  "  macrophage." 

The  two  principal  groups  of  phagocytes — (1)  fixed  and  free 
macrophages,  (2)  microphages — are  distinguiahed  not  only  by  their 
uiuqihological  charactere  ;  they  also  give  evidence  of  very  marked 
physiological  dillerencea.  All  phagocytes  are  endowed  with  amoeboid 
movement  which  allows  them  either  to  move  about  freely  or  merely 
to  put  out  protoplasmic  processes.  Tliese  movements  are  regulated  by 
a  very  great  sensitiveness,  often  different  in  the  two  groups.  Besides 
a  tactile  sense,  the  phagocytes  possess  a  kind  of  sense  of  tiiste  or 
<diemiotaxis  which  enables  them  to  distinguish  the  chemical  com- 
poeitiou  of  the  subst^uices  with  whicli  they  come  in  contact.  The  [So] 
existence  of  this  cbeunotitxis  could  be  anticipated  from  the  moment 
tliat  an  important  part  in  the  life  of  the  organism  began  to  be 
ascribed  to  the  amoeboid  cells,  Leber*,  Mas«art  and  Charles  Bordet' 
have,  however,  demonstrated  it  by  rigorous  experiment  Following 
tlie  method  used  by  Pfeffer  to  demonstrate  the  cheuiiotjtxis  of  the 
Tegetable  spermatozoids  and  of  Biicteria,  these  investigators  intro- 
duced into  the  bodies  of  higlier  (rabbits  and  guinea-pigs)  and  lower 
(frogs.)  Vertebrates  small  gkss  tubes  filled  with  difierent  solutions 
(peptone,  broth,  salts,  bacterial  products,  etc.).  The  leucocytes, 
guided  by  their  jwsitive  chemiotaxis,  made  their  way  into  tlie 
tul)es  and  there  formed  plugs  which  were  often  very  voluniinoua  ; 
•when,  on  the  other  hand,  the  chemical  composition  of  the  solutions 
cxcitetl  their  negative  chemiotaxis,  the  leucocytes  avoided  the  tubes. 

Having  acquired  information  as  to  the  chief  characters  of  the 
leucocytes,  we  may  ask,  To  which  group  do  those  amoeboid  cells, 
which,  according  to  the  observations  of  Langhans  and  many  other 
investigatoi-s,  bring  about  the  resorjition  of  the  red  corpuscles  of  the 
blood,  belong  ?  This  resorption  goes  on  more  rai>idly  and  is  observed 
much  better  if,  instead  of  introducing  blood  of  the  same  species  into 
any  part,  we  inject  defibrinated  blood,  or  red  blood  corpmsclea  from 
which  the  senim  has  been  removed  by  washing,  from  another  species 
of  Vertebrate.  It  will  be  found  best  to  inject  the  nucleated  red 
corjmscles  of  lower  Vertebrates  into  Mammals,  or  (as  already  de- 
scribes! above)  to  intmduce  the  non-nucleated  red  blood  corpuscles 
of  Mammals  into  lower  Vertebrates.    In  all  these  cases  the  ii^ection 

>  ForHcAr.   d.   Med.,    Berlin,    1S88,  BcL  ti,  &  460;   "Die   EnUUiliuug   der 
Eatziindung."  Loipzig,  1891. 

•  Juuru.  fiubl.  jjur  la  Soc.  roff.  d.  Sc.  mfd.  et  nat,  d«  BruxetUt,  1890,  3  FuU 
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of  such  blood  or  corpuscles  sets  up  an  aseptic  inflammation  which 
attracts  a  large  number  of  free  phagocytes  to  the  seat  of  mjection. 
In  subcutaneous,  peritoneal  or  intraocular  exudations  produced 
under  these  conditions,  we  find,  in  addition  to  a  inimber  of  micro- 
phages,  many  tnucrophagess.  Whilst  the  former  itigcst  the  injected 
red  corpuscles  merely  in  isolated  cases,  the  positive  clieniiotaxis 
of  the  miicrophages  manifest*  itself  much  more  actively.  In  the 
resor{>tion  of  the  red  blood  corpuscles  the  more  imporUint  part  is 
played  by  the  macrophage.  To  get  a  clear  idea  of  the  phenomena 
[86]  that  accompany  this  resorption,  let  us  tiike  a  concrete  example. 
Inject  defibriuated  goose's  blood  into  the  peritoneal  cavity  of  gidnea- 
pig8*.  Duriiig  the  first  few  hours  after  injection  the  oval  nucleated 
red  corpuscles  are  found  inttict  in  the  fluid  of  the  peritoneal  lymph. 
The  plasniii,  by  itself,  exercises  no  destructive  or  solvent  action  on 
the  red  corpuscles  of  the  goose. 

Immediately  after  the  injection  the  lymph  of  the  peritoneal  cavity 
begins  to  show  importiuit  changes.  The  wiiite  corpuscles  which,  in 
the  normal  condition,  are  fiiirly  abundant,  distipi^ar  almost  com- 
pletely ;  some  small  lyiiii»hocytes  presenting  their  ordinary  aspect  may 
indeed  be  found,  but  the  few  macrophages  and  the  raicrophages 
that  remain  show  signs  of  very  grave  lesions.  They  lose  their 
mobility,  run  together  into  clumps  and  become  inca})able  of  ingesting 
foreign  botlies.  At  this  moment  the  phagocytes  undergo  a  critical 
change  wliich  we  have  designated  by  the  name  of  phuyoly^U,  This 
condition  last»  for  about  an  hour,  sometimes  it  continues  longer, 
according  to  case  and  circumstance,  but  after  this  the  peritoneal 
fluid  becomes  filleil  with  Icucixrytcs  tliat  have  newJy  come  on  to  the 
scene.  These  cells  make  their  way,  by  diai>edesis,  thi*ough  the 
walls  of  the  congested  vessels  of  the  peritoneum.  A  true  aseptic 
inflammation  is  produced  which  induces  an  exudation  of  a  large 
number  of  white  corpuscles,  amongst  which  are  found  microphage^ 
and  still  more  numerous  macnjjihages.  The  latter  show  a  very 
pronounced  jiositive  cheiiiiotîixis  towards  the  injected  red  corpuscles 
of  the  goose.  Soon  after  their  appearance,  that  is  to  say  two  or  three 
hours  after  the  injection  of  the  blood,  the  macrophages  send  out  very 
small  protophisniic  ]irocesses  and  aHix  them  to  the  surface  of  the  red 
corpuBcles.  There  follows  an  aggregation  of  the  macrophages  of  the 
guinea-pig  with  the  red  corpuscles  of  the  goose  and  characteristic 
masses^  in  which  can  be  recognised  both  kinds  of  cells,  are  produced. 
>  Ann.  de  finit.  Pa»teur,  Fariit,  1899,  t  xm,  p.  742. 


This  utiiûii  witb  the  very  small  pseudopmlia  is  the  first  stage  in  the 
ingestion  of  the  red  coqmsclea  by  the  macrophages  (Fig.  17)-  The 
red  coqmscle,  seized  by  amoeboid  processes,  passes  into  the  interior 
of  the  macroplmge.  This  macrophage  seldom  rests  contented  with 
ingesting  a  single  red  corpuscle.  Usually  it  devours  a  large  number 
and  sometimes  enormous  macrophages  may  be  seen  filled  with  a  score 
of  rod  corpuscles. 

If  the  quantity  of  goose's  blood  injected  into  a  guinea-pig  is  large 
(5 — /c.t),  the  ingestion  of  red  corimscles  by  the  macrophages  eon- [87] 
tiaucs  for  a  considenible  period — often  for  three  to  four  days. 
During  the  whole  of  this  time  a  certain  number  of  the  red  corpuscles 
remain  free  in  the  peritoneal  plasma,  but,  in  spite  of  this  prolonged 
Btoy,  uoue  of  them  undergo  cxtnicellulur  solution. 
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Flo.  17.  Moorophu^  of  guinea-pig  in 
prooera  o(  devouring  and  digettiug  red 
Mood  ooipoiclcs  of  goose. 


Fio.  18.  Macrophage  of  gninea-pig  io 
the  act  of  iugesting  and  digesling  red 
oorpasclcs  of  gooiie.  Intra  vitam  stain- 
ing with  neutral  red. 


The  rod  bloo<l  corpuscles,  anchored  by  the  amoeboid  processes  of 
the  macrophages,  at  first  present  a  normal  appearance.  Later  their 
membrane  begins  to  WTiukle,  but  as  soon  as  they  have  passed  within 
tlie  phagocytes  the  wrinkles  disappear  and  the  corpuscles  regjiiu  their 
normal  as{>ect.  If  a  little  neutral  red  solution  be  added  to  a  drop  of  peri- 
toneal exudation  (Fig.  18)  we  observe  that  the  nucleus  of  the  ingested 
red  ooriiu.scle  and  even  its  contenta  arc  stained  red,  whilst  the  red  cor- 
ptude»  udlicrent  to  the  surface  of  the  phagocytes  retain  their  normal 
yellow  colour.  Tliis  reaction  enables  us  to  see  that  the  red  corpuscles 
are  Hvized  by  the  macrophages  whilst  still  in  their  normal  condition, 
but  that  tliey  undergo  a  change  immediately  after  they  have  been 
a  6 
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ingested.  Little  by  little  the  devoured  coq)U3cles  arc  digested  witbia 
tlie  phagocj'tes.  The  liticmo^lobni  dittuses  into  the  eoutenta  of  the 
uiacropliage  through  the  t;troi»a,  which  has  lx:ct>ine  i»crnieable  ;  tlio 
nucleus  of  the  ingewted  red  corpuscle  also  becomes  Btained  b; 
the  haemoglobin.  Part  of  this  colouriutr  matter  is  excreted  by  the 
[8S]  phagocyte.  The  body  of  the  red  corpuscle  is  pretty  soon  digested, 
but  the  nucleu^<,  iiupregnatod  with  haemoglobin,  persists  for  a  much 
longer  period.  It  divides  into  several  fragments,  recognisable  by  their 
yellow  colour,  and  in  cerUiiu  cases  these  remnants  of  red  corpuscles 
may  be  met  with  for  weeks  in  the  interior  of  the  macrophages.  These 
macrophages  do  not  remain  permanently  in  the  peritoneal  fluid. 
Some  (3—4)  days  after  injection  the  hmpli  of  the  peritoueum 
coutaius  only  leucocytes  that  have  newly  come  up  and  which 
coutaiu  neither  red  corpuscles  nor  their  rcnuuns.  We  must  oj>ei 
the  guinea-pig  to  find  any  macrophages  that  have  devoured  rci 
corpuscles.  Tliey  are  to  be  met  with  iu  large  numbera  in  the 
glandular  portion  of  the  omentum,  in  the  mesenteric  glands,  iu  the 
liver  and  iu  the  spleen.  TJiey  arc  fairly  easily  recognised  by  the 
characteristic  aspect, of  the  débris  of  the  red  blood  corpuscles. 
Having  devoured  the  red  corjiusclcs  the  macrophages  leave  th^^J 
peritoneal  fluid  and  the  digestion  is  comi>ieted  iu  the  positionfl^^ 
just  mentioned.  In  the  liver  they  are  seeu  as  largo  mononuclear 
cells  often  with  highly  developed  processes.  In  this  conditiou  they 
remind  one  of  Kuptter's  stellate  cells — a  fact  that  suggested  to  me 
the  idea  that  these  elements  are  nothing  but  white  corpuscles  which 
liave  inunigrated  into  the  vessels  of  the  liver. 

Following  up  the  fate  of  the  macrophages  that  have  resorbed 
the  red  blood  corpuscles,  wc  find  thcni  in  the  large  hepatic  vessels, 
in   the   vena  cava  and  even  in   the  blood   of   the   heart     But   in 
these  latter  situations  they  ctmtain  merely  a  few  scîux-cly  recognisable 
traces  of  their  prey.    These  phagocytes,  which  left  the  blood  durin^ 
the  inflammation  that  followed  the   injection   of  red  corpuscles 
the  goose,  re-enter  it,  having  fulfilk-d  their  function,  during  the  final 
period  of  the   resorption.     This   resorption   must  undoubtedly 
regixrdetl   as  an   iiitnieellular  digestion.      When   we    compare    the 
essential  phemjmena  taking  place  inside  the  raacrophîigcs  containing 
red  bloo<l  corpuscles  with  those  we  have  describerl  in  the  intestinal 
phagocytes  of  the  Planunann  or  Actiiiians  after  a  mesd,  the  analogy 
between  the  two  becomes  very  ai»p;irenL    In  both  cjises  the 
corpuscles  undergo  a  uiurkcd  change  which  results  iu  u  tlifl'i 


red  blood      j 
Jflusiou  u^H 
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the  baemoglobin.    Tlje  membrane  and  nucleus  of  the  red  blood 
>rpti9cie«:  persist  longer  but  they  also  are  lUtinmtely  digested.    The 
jtion  vf  haemoglobin  from  the  phagocytes,  just  mentioned  iu  the 
of  tlie  nmcropliages  of  the  guinea-pig,  is  also  observed  iu  the 
kctiniau!!,  whose  coolcuteric  cavity  is  tinted  by  a  rose-coloured  solution. 

We  have  seen  that  in  the  Actiniaus  intnicellular  digestion  takes  [S9j 

[>Iacx;  iu  a  distinctly  acid  medium,  whilst  in  the  intestinal  cells  of  the 

Maiinri;ui!s   it   takes   place   in  one  that  is  only  weakly  acid.     The 

[lnacnj[»hages  of  the  guinea-pig,  during  the  resorption  of  red  blood 

corpuscles  of  the  goose,  carry  on  the  digestive  process  in  a  medium 

which  sln>ws  a  still  weaker  acidity.    >M»en  made  to  ingest  granules  of 

.blue  litmus  there  is  no  change  of  colour.    Nor  does  alizarin  sulpho- 

:id  give  any  reaction,  probably  owing  to  the  fact  that  it  exerts  a 

toxic  action  on  the  protoplasm  of  the  macrophages.     If,  however,  we 

add  to  a  drop  of  the  peritoneal  exudation  of  a  guinea-pig,  containing 

inncrophages  filled  with  i-ed  blood  coi-puscles  of  the  goose,  a  little  of 

Dirlich's  1  "/o  8<jbition  of  neutral  red,  the  re<l  brick  tint  at  once  makes 

its  api>earance  in  the  content  of  these  phagocytes.    This  coloration 

h  identical  with  that  described  in  the  Amoebae  which  digest  Bacteria 

or  in  the  intestinal  phagocytes  of  the  Planarians.     It  may,  then,  be 

iTgftr<le<l  as  an  indication  of  weak  acidity.    Tliis  coloration  is  main- 

tjiined  for  some  hours,  after  which  it  gives  place  to  complete  decolora- 

|tion,  a  phenomenon  that  must  be  attributed,  as  in  many  other  cases, 

[to  the  neutralisation  of  the  acid  by  the  alkaline  i)rotoplasm  that  has 

^been  macerated  in  the  fluid  after  the  death  of  the  macrophages. 

The  example  we  have  chosen — the  destruction  of  red  blood 
corpuscles  of  the  goose  by  the  macrophages  of  the  guinea-pig — 
may  .Kerve  as  a  prototyi)e  of  the  resori>tion  of  formed  elements  in 
peneral.  If,  instead  of  red  blood  corpuscles  of  the  goose,  we  inject 
intti  the  guinea-pig's  peritoneal  cavity  pigeon's  or  fowl's  blood,  the 
^tsBential  phenomena  will  be  the  same.  The  red  blood  corpuscles  will 
Jways  induce  positive  chemiotaxis,  especially  of  the  macrophages, 
yhicJi  in  turn  will  ingest  the  nucleated  red  corpus«;les.  It  may  be 
ïat  in  certain  cases,  when  fowl's  blood  containing  red  corpuscle;» 
lat  are  not  very  resistant  is  iiyected,  a  certain  number  of  the  cor- 
tle«  immediately  undergo  a  partial  solution  in  the  peritoneal  fluid'. 

>  Krompeolier  (Cen/t-nlbl.  f.  BcUcteriol.  u.    Puratitetik,,  l^  Abt.,  Jeuu.  1900, 
xxTiii,  a.  âS8)  buM  ubUined  a  serum  wliieli  was  ercii  capiiMo  of  Hltorini;  l!ie 
^liaclri  ot  Uie  red  corikiiacles  of  the  frog.    These  uuclci  must  be  niuci)  Icm  renisluut 
tbu«e  of  Ibe  red  blood  corpu«clea  of  birds,  such  u  tlie  goose,  foml  and  pigeou. 
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Vhapter  TV 

Here  also  the  stromas  and  the  nuclei  of  all  the  red  blood  corpuscles, 
as  well  as  many  of  the  corpuscles  unacted  ni)on  by  the  plasma  of 
the  phagolysed  exudation,  undergo  digestion  inside  the  macrophages. 
[90]  When,  instead  of  blotHl,  we  inject  white  corpuscles  from  the  bone 
marrow,  spleen  or  lymphatic  glands  of  aniînals  into  the  peritrjneal 
cavity,  we  may  still  observe  their  final  disappearanœ  in  the  macro- 
phages. The  spemiat^izoa  of  man  or  of  various  mammals  (bull,  rabbit» 
guinea-pig,  etc.),  when  injected  into  the  peritoneal  cavity  of  the 
gjiinea-pig  or  rabbit,  are  well  adapted  for  tliis  line  of  investigation. 
Here  again  the  immediate  residt  of  injection  is  the  very  marked 
pliagolysis  of  the  Icucocytcsi.  Tliis  phenomenon  gives  place  to  an 
exudative  inflammation  which  brings  into  tlie  jjeritoncal  cavity 
a  nundier  of  phagocytes.  These,  especially  the  macrophages  and  in 
a  much  smaller  degree  the  microphagOH,  devour  the  spennatozoa 
which  in  no  aise  are  dissolved,  even  partially,  in  the  plasma  of  the 
exudation.  The  macrophage  seizes  the  spermatozoa  which  sometime», 
by  the  active  movements  of  their  flîigella,  exhibit  great  vitality.  At 
the  end  of  several  h«jurs  all  the  spermatozoa  are  founil  inside  phago- 
cytes where  they  are  completely  destroyed.  The  flagellum  is  digesteil 
first,  but  the  head  and  medial  portion  soon  sutler  tlie  same  fate. 
Neutral  red  reveals  the  feebly  acid  reaction,  perhaps  wit!»  even  more 
distinctness  than  in  the  case  of  the  red  hloml  corpuscles. 

The  résumé  of  Langhans'  investigation  given  in  this  chapter  would 
lead  us  to  exi)ect  that  resori)tion  in  the  subcutaneous  tissue  will 
follow  the  same  rules  as  that  going  on  in  the  peritoneal  cavity.  As 
a  matter  of  fact,  blottd  injected  at  this  position  sets  up  a  dia{>ede8is 
of  phagocytes  which  ingest  the  red  bloo<l  corpuscles.  In  some  cases 
only  is  there  a  partial  solution  of  these  corpuscles  in  the  fluid  of 
the  subcutaneous  exudation.  It  is  for  this  reason  that  goose's  blood, 
injected  under  the  skin  of  a  guinea-pig,  gives  rise  to  a  fluid  exudation 
coloure<l  a  bright  rose  red  by  the  dissolved  haemoglobin.  Tlii» 
haemoglobin  is  derived  from  red  bloo<l  corpuscles  which  are  damaged 
by  the  goose's  blofxi  serum  thut  was  added  to  the  plasma  of  the 
exudation.  The  stroma  and  nuclei  of  the  red  blood  c<*rpuscles  cannot, 
however,  be  dissolved  in  this  fluid.  They  undergo  the  same  fate  as 
the  red  corpuscles  that  have  remained  intact,  that  is  to  say  they  are 
ingested  by  the  macrophages  wliieh  immignite  into  the  sid)cutaneous 
tissue  and  which  finally  digest  all  these  elements.  The  cells,  less  fragile 
than  certiiiii  red  corpuscles,  are,  in  the  subcutaneous  tissue,  as  in  the 
peritoneal  cavity,  destroyed  solely  in  the  interior  of  the  phagocytes. 


RemrxHion  of  the  fonned  elements 

Tlie  analogy  between  the  nKHlificatiuUB  undergone  by  the  red 
blool  corpuscles  and  other  cells  iuside  the  macvophuges  and  tlie 
changes  that  take  place  hi  the  intestinal  cells  of  Planariana  and 
Aetiniaus.  siuggeets  that  the  rcrtor|)tion  of  formed  elements  must  [91] 
uudoubtciUy  be  regarded  as  a  ti-ue  iutraceliular  digestion.  It  would, 
however,  be  a  very  important  matter  to  be  able  to  supiwrt  this  cou- 
cJiLxiuh  by  even  more  convincing  proofs.  The  study  of  the  artificial 
digestion  that  is  observed  in  vitro  in  the  case  of  the  macerateil  mesen- 
terial filaments  of  Actiuians  has  furnished  a  ver}'  valuable  argument  in 
fiiTuur  of  the  enzymatic  nature  of  intracellular  digestion.  Animal 
exutbitions  are  not  well  adapted  for  this  special  line  of  study.  We  can 
only  obtain  them  as  the  result  of  the  injection  of  différent  substances, 
solid  or  fluid,  which  are  greedily  absorbed  by  jihagocytes.  If  we  collect 
tJie  exudations  at  a  moment  when  the  number  of  these  cells  is  still 
coiudderable  we  must  witlidraw  along  with  them  many  digestive  8ul>- 
etaiiccs  which  interfere  with  oiir  observation.  We  may  therefoi-o  with 
advantage  turn  our  attention  to  masses  of  phagocytes  collected  in 
organs.  As  it  is  mainly  the  macrophages  which  effect  the  resorption 
of  cells,  it  is  evident  that  we  must  choose  the  centres  where  they  are 
fonued  in  order  to  investigate  the  digestive  ferments.  Let  us  tiike, 
then,  the  lymphatic  glands  of  the  mesentery,  the  glandular  |)ortion  of 
the  omentum  ami  the  spleen,  the  three  pre-eminently  macrophagic 
organs,  and  let  us  see  if,  with  an  extract  of  them,  pre|>ared  with 
physiological  salt  solution  ((>7ô*/o  of  sodium  chloride),  any  digestive 
«ffect  is  to  l>e  obtained. 

Macerate  the  three  organs  mentioned  of  a  guinea-pig  and  mix 
the  extracts  thus  obtained  with  retl  blood  corpuscles  of  the  g(x>se, 
corpiLscrles  that  have  alivady  given  lis  information  in  connection  with 
the  phenomena  of  resorption  in  the  living  organism.  In  almost  all 
ihe  guinea-pigs  a  .solution  of  the  red  blood  corpuscles  of  the  goose 
by  the  extiuct  of  the  glandular  jKirtiou  of  the  omentum  may  be 
observed.  The  mesentenc  glands  likewise  give  an  extract  which 
in  most  cases  has  a  solvent  action.  The  extract  from  the  spleen  is 
only  active  in  a  liniite<l  number  of  ca.ses.  In  all  these  examples  the 
extract^**  from  macrophagic  orgsuis  bring  about  the  solution  of  the 
ba<;moglobin,  but  leave  intact  the  membrane  and  nucleus  of  the 
coqm.-<cles.  In  this  rcs|>ect  there  exists,  then,  a  certain  difference 
liclwcen  this  and  the  <iigcstion  of  red  coqiuscles  in  the  macrophages 
of  exudations,  where  the  membrane  and  even  the  nucleus  are  in  tiie 
etui  completely  dissolved.    This  difference  may  be  explained  by  the 
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fact  that  in  the  preparation  of  the  extract  in  physiological  salt  solution, 
one  part  only  of  the  soluble  digestive  fernient  may  be  »et  at  liberty. 

The  solveat  action  of  extracts  of  macrophagic  organs  must  iu  fact 
[92]  be  attributed  to  the  presence  of  a  soluble  ferment  iu  the  cells  of 
which  these  organs  arc  made  up.  As  the  diastases  are  distiuguishetl, 
in  general,  by  their  great  sensitiveness  to  heat,  we  tried  the  action  of 
our  extracts  after  a  preliminary  heating,  when  it  was  found  that  a 
temperature  of  5GX\,  applied  for  three  quarters  of  au  hour,  com- 
pletely abolished  tlie  solvent  action  of  tlie  extracts  upon  the  red  blood 
corpuscles  of  the  goose.  The  soluble  fei'iuent  of  macrophagic  organs, 
to  winch  we  propose  to  give  the  name  of  iiuicrocyUise'  or  macrophage 
ferment,  is  iu  many  respects  analogous  to  the  actino  di;u<ta.se  of 
Mesiiil,  described  in  the  preceding  c!i;ti>ter. 

With  a  view  to  obtain  more  complete  infonnution  on  the  cytases 
I  suggested  to  Tai-assewitch  that  he  should  make  a  detailed  study 
of  theiu  ;  this  he  has  carried  out  in  my  laboratory.  He  has  demon- 
strated that  the  macrophagic  organs  of  other  mammals  than  the 
gninea-pig,  especially  those  of  tlie  rabbit  and  dog,  exert  the  same 
siilvent  action  on  the  red  blood  corpuscles.  He  has  alstj  esUiblishetl 
the  fact  that  this  action  applies  not  only  to  the  red  corpuscles  of  the 
goose  but  extends  also  to  those  of  several  otiier  birds  aiul  mammals. 
Tanissewitch  succeeilcd  in  confirming  the  injurious  action  of  heat  on 
macrocytase.  Extracts  of  macrojihagic  organs  which  conUiin  much 
dt'brîs  in  su8j)ension,  when  hcate*!  for  an  hour  at  65°*5C.  in  certain 
cases  lose  their  solvent  property  for  red  blootl  corpuscles  ;  sometimes 
this  tenipcruture  brings  about  merely  a  weakening  of  the  niaeroc}"ta8e. 
In  order  to  ilestroy  it  surely  and  completely,  the  susjtensions  nmst  be 
heated  at  58''ô — 02"C.  for  an  hour.  If,  however,  instead  of  heating 
the  entire  snsjteiision,  we  first  pass  it  through  filter  paper,  the  clear 
fluid  filtrate  is  iltprived  of  its  diastatic  action  even  after  it  has  been 
heatexl  at  .Oô^-ôC.  for  three  (piarters  of  an  liuur. 

Of  all  the  other  organs  of  which  extracts  have  been  kept  in  pro- 
longed contact  with  the  red  blood  coq)uscle8  of  binls,  the  pancreas 
alone  has  shown  a  very  well-marked  digestive  action.    Extracts  of  the 


*  Swnie  years  ago  it  «a»  proposed  to  give  tlie  name  of  cytase  to  the  ferments 
which  digest  cclhiiose.  ThuB  Lauiviit,  in  tliu  work  rinuh'Hed  in  the  isecuiid  chapter, 
iipplic»  it  to  the  ferment  secreted  by  the  bacilli  which  nttitck  tlie  vegetable  tiieiubraiie. 
Wu  think  that  the  cellulose  ferment  shuuht  be  de»ignntod  by  the  name  of  relluliaatfi 
and  tliat  the  name  of  cytase  would  be  more  luiUtblu  fur  a  soluble  ferment  wliicii 
digests  the  cells. 


Resorption  of  the  fanned  elements 

.JBlirury  glamls  exerted  a  feeble  solvent  action  on  a  certain  quantity  of 
■^ic  red  cori)iiscle8.     The   other  organs,  such  as  the  liver,  kidneys,  [93] 
brain,  epinal  cord,  ovary,  testicles,  suprarenal  capsules  and  placenta, 
exercised  no  such  action.    Even  bone  marrow,  in  agreement  with  my 
rcttults  published  some  veal's  ago,  showed  itself  quite  inactive. 

Tlie  blood  senna  of  guinca-i)igs  which  I  employed  in  my  researches, 
as  well  as  that  of  the  animals  examined  by  Tura.'*sewitch.  has  not 
fihowii  itself  t-ajiable  of  dissolving  the  red  bloo«l  corpuscles  of  the 
gooKc,  although  the  macrophagic  organs  dissolve  them  eu.sily.  It  has 
long  bci'u  kn<»wn,  however,  that  the  scrum  of  the  bloo<i  of  many 
animals  will  destroy  the  red  corpuscles  of  a  diiferent  species.  This 
desmonstration  was  afforded  during  the  period  when  attempts  were 
being  maiJe  to  transfuse  the  dcfibrinateil  blood  of  niaminals,  espe- 
cially of  the  sheep,  intfi  man.  This  practice  had  to  be  abandoned, 
in  consequence  of  the  difficulties  resulting  from  the  solution  of  the 
human  red  corpuscles.  Later,  Daremberg'  and  Huchner'  set  them- 
uelvt-s  U}  study  tiiis  hacmolytic  action  of  scrums  systematically.  Tliey 
found  that  it  was  due  to  a  particuliu-  substance  to  which  Buchner 
gave  the  name  of  qJcj'iiie  or  protective  substance.  (,)f  indeternuiiate 
ch  ■■  '  ■  '  composition,  this  substance  is  allied  to  albuminoid  sub- 
fc(  It  is  destroyed  when  heated  to  55° — .'jG' C.  and  only  acts  in 

thv  presence  of  certain  salts.  When  these  sjUts  are  removed  from  the 
eeruui  by  dialysis,  it  loses  its  hacmolytic  power  ;  but  as  soon  !is  the 
mlts  are  replaued  in  proiier  proportion  this  power  reappears.  Later, 
Buchner'  compared  the  action  of  alcxine  to  that  of  soluble  ferments 
and  refenx'd  it  to  the  category  of  the  digestive  diastases.  According 
lo  liini  the  same  alexiue  is  capable  of  dissolving  the  red  blood 
corpuscles  of  several  species  of  Vertebrates.  Bordet*,  in  a  series  of 
res«earches  made  in  the  Pasteur  Institute,  contirnied  this  view.  He 
eauic  to  the  conclusion  that  the  alexines  of  the  various  species  of 
animals  differ  from  one  another.  Thus,  the  alexine  of  the  blood 
aerum  of  the  ndibit  is  not  the  same  as  that  found  in  the  serum 
of  the  gtiiuca-pig  or  <log.  Nevertheless  each  of  these  alexines  is 
capable  of  exerting  u  solvent  action  on  the  red  blood  coqiusclea  of 
several  species. 


•  Arrh.  df  wfd.  expér^  Pari*.  1891.  t.  m.  p.  720. 

«   VrrhnniH.  d.  X.  Contjt:/.  inn,  Med.,  Wiesbaden,  1892. 
'  Mûnch«n.  med.  Wchmchr.,  19U0,  S.  1193. 

*  Ann.  de  tfiiit.  Pculeitr,  Pari»,  189!»,  t.  xiii,  p.  273  ;  1901,  t.  xv,  p.  312. 
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[94]  Ehrlich  and  Morgenroth',  in  a  series  of  memoirs  on  the  solution  of 
red  blood  for|iu8cles,  have  cunibatcil  the  idea  that  there  is  only  a  single 
alexine  in  one  and  the  same  serum.  Moreover,  they  state  that  alexine 
always  requires  for  it^  action  the  aid  of  another  substance,  and  that 
matters  are  much  more  comi)licate<l  than  at  first  siglit  apjiears.  They 
maintain  that  in  each  normal  serum  a  nunil^er  of  différent  substances 
are  fnund,  each  one  of  which  only  attiicks  a  single  species  of  red  blood 
corpuscle.  They  pi^int  out  that  the  solution  of  the  red  corpuscles  by 
the  iiortnal  scrum  takes  place  through  the  combined  action  of  ti^o 
ditferent  substances  and  cite  several  cjiscs  where  ii  normal  senim,  after 
being  heated  to  55°C.  and  so  depriveil  of  its  hiiemolytic  power,  again 
becomes  capable  of  dissolving  the  red  corpuscles  when  some  normal 
serum  from  another  species,  which  of  itself  is  destitute  of  the  solvent 
property,  is  added  to  it.  Let  us  quote  an  example  from  Ehrlich 
and  Morgenroth.  The  normal  serum  of  the  goat  readily  dissolves 
the  red  blood  coipusclcs  of  the  rabbit  and  guinea-pig,  but  if  heated 
for  half  an  hour  at  55' C,  it  loses  this  power.  On  the  other  baud, 
the  normal  serum  of  many  horses  shows  itself  powerless  to  dissolve 
the  red  corpuscles  of  these  rodents.  Here,  then,  are  two  senims, 
equally  incapable  of  effecting  the  solution  of  the  re<l  corpuscles  of  the 
mbbit  and  guinea-pig.  Yet,  when  they  are  mixed  together  and  to 
theui  a  few  drops  of  blood  frotu  one  of  the  roileuts  cited  is  added, 
haemolysis  takes  phice  readily.  The  hciited  goat's  serum  then,  has, 
retained  in  it  something  tliat  resists  a  temperature  of  55'C.,  a  sub- 
stance which,  by  itself,  leaves  the  red  blood  corpuscles  intact  :  but 
which,  when  combined  with  a  second  substiince  present  in  the  horse's 
serum,  csiuses  their  solution.  Ehrlich  gives  to  the  first  substance, 
that  is  to  say  that  found  in  the  hesited  goiit's  serum,  the  name  of 
intermediary  body  ("  ZwischenkiJr|)L'r  ").  The  second  substance,  pre- 
sent in  the  unlieate^l  horse's  scnuu,  is  designated  by  him  the  comple- 
ment. In  order  that  a  norninl  tserum  may  dissolve  the  red  corpuscles, 
it  is  not  sufficient  ttiat  it  should  possess  a  single  substance,  the  alexine 
of  Biichner.  It  must,  to  exert  this  action,  contain  two  distinct  sub- 
stances which  are  very  often  found  together  in  the  same  normal  serum. 
Unheated  goat's  serum  Mas  only  capable  of  dissolving  the  red  blood 
eorj)U8cles  of  the  mbbit  because  a  particular  complement  and 
interme<liary  substance  were  both  present.  Dex>rived  of  its  comple- 
ment at  55' C,  the  serum  is  solvent  only  wlien  we  add  to  it  another 

[OS]  substance  that  is  contained  iu  the  normal  serum  of  a  different  species 
I  Berl.  /din.  Wchntchr.,  1S99,  8S.  6  snd  4SI. 


(IjoreeV.  Continuing  their  researches  in  this  direction,  Ehrlich  and 
Moi^genroth  have  come  to  the  conclusion  that  the  normal  scrum  of  a 
stogie  species  may  contain  several  intermediary  substances,  each  one 
acting  on  a  single  species  of  red  blood  corpuscles.  Further,  that 
normal  serum  must  contain  several  or  even  many  different  comple- 
ments. 

Ehrlich  and  Morgenroth  carried  on  researches  on  the  intermediary 
substances  in  normal  serums  and  found  several  in  addition  to  that 
already  mentioned.  The  serum  of  the  normal  dog  readily  dissolves 
the  re«l  hluixl  corimsclos  uf  tl»e  guincîi-pig.  When  heated  to  57° C  it 
lose»  thii*  property;  but  with  the  addition  of  normal  gmuea-pig's  serum 
the  property  is  regained.  In  the  serum  of  the  normal  dog  there  exists, 
tbeu,  licsides  the  complement,  at  least  one  intermediary  ."substance. 
Tlie  same  result  can  be  obtiiined  with  several  combinations  of  serums 
of  normal  mammals,  heated  or  unaltered'.  Yet  it  often  hap|>en9,  as 
Ehrlich  and  Morgeuroth  themselves  point  out,  that  the  demonstration 
of  the  presence  of  tlie  intermediary  substance  in  normal  serums  is 
aooumpanied  with  markeil  ditGculties.  Bordet,  also,  who  has  studied 
Uite  question  veij  thorougldy,  often  failed  completely  in  his  attempts 
to  make  normal  scnmis,  that  were  incapable  of  produciug  haemolysis, 
active  by  the  addition  of  lieated  serums  of  other  s{tecie8  of  animals. 
Thu«  he  observed  that  normal  fowl's  serum  readily  dissolves  the  red 
corpuscles  of  the  rabbit  When  heated  to  55° — 56° C.  this  serum 
\cmif»  its  haemolytic  jiower  which  cannot  be  restored  by  the  addition 
of  any  normal  serum.  He  thinks  therefore  that,  in  this  example, 
Itaemolysis  is  produced  solely  by  the  alexine,  without  the  assistance 
of  any  intermetliary  substance  in  the  serum  of  the  normal  fowl. 
P.  Millier^  whilst  confirming  Bordet's  experimental  results,  considers 
that,  in  this  case  also,  there  is  the  intervention  of  an  intermediary 
tmliMtance.  When  he  mixed  heated  fowl's  serum  with  a  small  quantity 
€if  unaltered  fowl's  serum  the  solution  of  the  red  coi*puscles  of  the  [90] 
rabbit  is  not  brought  alxjut.  When,  however,  instead  of  adding  a 
little  nnheated  normal  fowl's  serum,  he  added  the  same  quantity  of 

'  KhrUch  and  Morgenroth,  "  Ueber  Hftcmolvnine,"  II,  B^rl.  kiln.  Wchvtchr.,  1S99, 
S  4Wl.  The  following  are  the  combinationa  fourni  by  these  olwcrvcrs  :  heated  calf» 
«■rum  iwith  uormal  Keruiu  ilUfKilve!)  the  tv<i  h\wyà  cor|.m»cle9  of  tiie  guinea-pig; 
baaied  ruttbit's  eerum  plus  slieep'8  aenim  «Ji.^snlvcs  the  re<l  blood  corpuisclcs  of  the 
aiic«p:  heated  sennn  of  rabbit  with  the  aiUlition  of  goat's  serum  diMolvc«  the 
red  c<q»u»cle8  of  the  gout  ;  heated  sheep's  serum  with  guioea-pig's  serum  produces 
iMe«uul}«is  uf  the  red  corpuscles  of  the  guinea-pig. 

«  Ctntralhl.f.  BakUriU.  u.  I'tinuiUnk,  V  Abl.,  Jena,  1901,  Bd.  xxix,  8.  175. 
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senim  from  a  fowl  previously  treated  with  physiological  salt  solution, 
the  red  corpuscles  of  the  rabbit  were  dissolved  without  any  diffi- 
culty. Millier  expluina  this  difference  as  due  to  the  fact  that  the 
serum  of  the  treated  fowl  coiitjiins  more  complementary  substance 
that!  does  that  of  the  normal  fowl 

We  see,  tlien,  from  this  example  that  the  analysis  of  the  pheno- 
mena taking  place  in  the  solution  of  the  red  corpuscles  by  ncirnial 
senuus  is  beset  with  very  great  difficulties.  For  this  reason  it  is 
much  more  profitable  to  make  researches  in  this  direction,  using  more 
active  serums,  where  the  demonstration  of  the  two  substances  can 
be  made  simply  and  exactly.  Tiiis  desideratum  has  been  supplied  by 
J.  Bordet,  when  préparateur  in  our  laboratory  ;  ho  described  an  easy 
method  of  increasing  the  haemolytic  power  of  serums. 

As  stateil  above,  guinea -pigs  tliat  have  received  an  intraperitoneal 
injection  of  goose's  blood  digest  tiie  corpuscles,  altliough  the  peri- 
toneal fluid  exerts  no  haeuioly tic  action.  Ih  r'ltro,  tlie  extract  of  their 
macropliagic  organs  certainly  dissolves  the  red  corpuscles,  whilst  the 
blood  serum  usually  fails  t«  do  so.  Now,  if  a  second  or  a  third 
injection  of  goose's  blood  be  made  into  the  peritoneal  ciwities  of  the 
same  guinea-pigs,  partial  solution  of  the  corpuscles  t:ikes  place  in  the 
peritoueul  plasma  and  the  serum  of  the  blood  acquires  new  properties; 
it  becomes  capable  of  dumping  the  red  corpuscles,  that  is  to  say  of 
agglutinating  them  ;  afterwards  it  dissolves  them  la  vitro, 

J,  liordet'  lias  shown  that  the  injection  of  the  blood  of  one  species 
of  Vertebrate  o»ammal  or  bird)  into  the  peritoneal  cavity  or  under  the 
skin  of  an  animal  of  a  diftererit  species,  always  produces  in  the  blood 
eerum  of  the  latter  the  IiaenwlysiTig  substance,  Tliis  haeraolysing 
substance  is  spccilic  or  nearly  so,  that  is  to  say  it  dissolves  the  re«i 
corpuscles  of  the  species  which  has  furnished  the  injected  blood  and 
also,  but  more  feebly,  the  reil  corpuscles  of  allied  species.  Conse- 
quently, with  guinea-pig's  serum,  treated  with  goose's  blood,  we 
obtiiin  the  gi'cfttest  solvent  action  ou  tlic  red  corpuscles  of  the  goose, 
though  there  is  a  certain  haemolysis  of  the  red  corpuscles  of  some 
other  birds.  This  rule,  thoroughly  established  by  Bordet,  has  been 
the  stjirting-point  for  a  large  number  of  researches  on  haemolysis 
[97]  and  amongst  others  of  those  which  bear  on  the  intermediary  sub- 
stance of  normal  bloods. 

Bordet  demonstrated  very  definitely  a  fact  of  fuMrlamcntal  import- 
ance— that  in  the  blood  serums  of  animals  treateil  with  blood  from  a 
*  Ann.  de  rimt.  Patteur,  Paris,  1898,  X.  xu,  p.  68s. 
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difierent  species,  tliere  exist  two  rtistitict  stibstanees  which  only  dis- 
(«olre  the  re«l  blood  corpuscles  when  they  are  combined.  Here  the 
(iun)ity  of  the  haemolytic  agent  cannot  be  doubted,  as  it  may  in 
cettain  examples  of  normal  serums.  Ivich  time  that  we  deprive  the 
Bcruni  of  a  treated  animal  of  its  solvent  action  by  heating  at  5.'/ — 
56*Cj  thi-s  property  can  be  restored  to  it  with  certainty  by  the  ad<li- 
iKio  of  a  little  normal  serum  which,  by  itself,  is  incapable  of  bringing 
abciut  hacmolysi:*.  The  heated  scrum  of  these  injected  animals  loses 
the  power  of  dissolving  the  corresponding  red  corpuscles,  but  it  re- 
taiusiLs  other  acquired  property — the  ag]j:lutiniition  of  the  corpuscles. 
'riw  Hid  corpuscles,  aggregated  into  volumiiiou-s  nia.sscs  quite  visible 
to  tlie  naked  eye,  remain  intact  indefinitely,  if  left  in  the  prepared 
and  iKrnted  scrum.  But  as  soon  as  we  add  to  them  a  trace  of  nonnal 
Wo»k1  (taken  from  one  of  a  number  of  species  of  Vcrtebrsites),  the 
doiution  of  the  red  corjmscles  is  not  long  in  taking  place.  Under 
these  conditii)ns  an  action  of  two  substances  is  sot  up;  one  of  these 
Mtiilwtances  is  foun<l  in  the  heatetl  serum  of  the  injected  animal,  and 
the  other  in  unheated  norntal  serum.  The  first  of  these  substances 
which  not  only  resists  a  temperature  of '•S" — 56° C,  but  stands,  with- 
out alteration,  heating  to  60° — Ga'C,  corresponds  to  the  internjediary 
RiilMtance  of  Ehrlich.  By  Bowlet  it  has  been  termed  "substance 
sensibilisatrice'.*'  The  second  sulwtance,  a  common  one,  found  in 
normal  serums  and  destroyed  at  53" — .'»(>' C,  is  the  alexine  of  Huchner 
and  of  Bordct,  or  the  complement  of  Ehrlich. 

Tlie  ease  with  which  one  ciin  demonstrate  the  co-operation  of  two 
subtstjinces  in  the  haemolysis  by  the  serums  of  unin)uls  treatc«l  with 
the  Wood  of  a  different  species,  is  due  to  the  fact,  that  during  the 
cimr>«e  of  this  treatment  the  animal  organism  produces  a  quantity 
of  an  intermediary  or  sensibilising  subst^mcc.  In  fresh  animals 
which  have  not  been  treated,  it  is  often  very  difficult  to  demonstrate 
the  jiresence  of  this  substance.  liordet  h;vs  established  the  fact  that  [98] 
the  scrum  of  animals  which  have  been  injected  several  times  with  the 
bhtod  of  a  different  species,  contains  almost  the  same  amount  of 
adexinc  as  does  untreated  serum.  On  the  other  hand,  the  sensibilising 
Mih(«tance  makes  iti*  appearance  in  large  rpiantity  as  the  result  of 
ihcM*  iiyections.    Von  Dungeni'  has  confirmed  this  result  and  con- 

*  Arming  the  Hvnonyiiis  of  this  «iibstance,  re8i8t:int  to  tbo  action  of  heiit,  wc  luftj 
mention  tlic  folloainp  :  li:ioiiiob  tk-  antibody,  preventive  substance,  immunising  body 
{ Initnutik<"irper  of  Khrlich\  amboceptor  (Eliriiclit,  philocytase  (Metchnikoff),  de»tJion 
(Lûod>>n  ^  copula  (P.  MUller). 

»  AtiiiK-hen.  mai.  U'chniehr.,  190O,  8.  677. 
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tributes  tlie  interesting  fact  that  the  seusibilising  substance  is  found 
even  in  great  excess  in  the  serum  of  treate<l  animals.  When  he  adds 
to  this  serum  blood  tliat  has  not  been  hejitetl,  he  produces  a  haemo- 
lysis that  is  more  tlum  tliirty  times  as  active  as  when  the  serum  of 
the  prepared  animal  alone  is  used.  From  the  quantitative  point  of 
view,  then,  there  is  no  relation  between  the  amount  of  the  two  sub- 
stances in  the  serum  of  prepared  animals. 

It  may  be  suggested  that  the  Bensibilising  or  interme<liary  sub- 
stance is  the  saTMc  as  that  which  produces  the  agglutination  of  tlie 
red  corpuscles.  But  «ireful  researches  have  thorouglily  «lemoHHtratetl 
the  difference  between  the  two  substances  that  have  this  cliaracter  in 
common,  both  resist  heating  to  55" — 00' C.  and  even  Ijeyond  this  point. 
Having  cstab]ishe<l  tins  co-operation  of  two  substances  in  haemo- 
lysis the  intimate  mechanism  of  their  action  was  next  studied  Here 
I  must  give  pride  of  place  to  the  discovery  by  Ehrlich  and  Morgenroth 
that  the  intermediary  (or  sensibilising)  substance  links  itself  to  its 
correspon«ling  red  coqiuscles.  A  serum,  capable  of  dissolving  the 
red  coJ7)Uscles  of  a  different  species,  is  heated  to  56° C\  which  catises 
it  to  lose  this  solvent  pi'oi)erty.  When  a  certain  number  of  these 
corpuscles  are  added  to  it,  such  coipuscles  remain  intact  although 
they  are  agglutinated  It  is  sufficient,  after  some  hours  of  contî»ct,  to 
ceutrifugulise  the  mixture  in  ortler  to  separate  a  limpid  serum  from 
the  mass  of  red  corpuscles,  the  former  being  now  entirely  deprived  of 
its  intermediary  substance,  that  is  to  say  it  lias  becoujc  inciipable  of 
dissolving  tlie  red  corpuscles  even  with  the  addition  of  a  large  quantity 
of  the  "complement"'  (normal  scrum,  unlieutcd).  On  the  other  hand, 
the  red  corpuscles,  having  fixed  (linked)  all  the  intennediary  sub- 
stance, dissolve  very  mpidly  when  placed  in  contact  with  normal 
serunt  which  contains  the  neceswiry  ijuuntity  of  the  c«impleraent  (or 
alexine).  This  fundamental  expcritncnt  lias  been  confirmed  and 
repeated  by  many  observers  and  has  now  become  classic.  The  idea 
that  the  intermediary  (or  sensibilising  *  substimce  links  it*<elf  to  tliti 
red  cor[>uscle,  without  dissolving  it,  is  getierally  accepted  and  may  be 
regardetl  as  i>ermanently  settled.  We  should  do  well,  then,  instead 
[99]  of  designating  by  all  sorts  of  synonyms  the  subsUuice  in  serums  which 
resists  the  action  of  a  temperature  of  55° — (55  C,  to  apply  to  it,  once 
for  all,  the  name  oî  Jixatire  substance  or  simply  that  oi  Jijcativt. 
This  name  is  short,  expresses  the  essential  character  of  the  substance 
and  gives  rise  to  no  niisumlerstiinding,  i\&  do  the  other  names  proix)sed 
up  to  the  present  i amongst  tlicm  that  of  philorytitse  employed  by 
myself  in  some  of  my  earlier  publications}. 


Another  of  Ehrlich  and  Morgemoth's  experiments  has  fumislied 
the  proof  that  tlie  coniplement  luiui  Jed  does  not  fix  itself  to  the  red 
CoqMtBcIes.  Â  normal  serum,  unheatod,  which,  by  iteelf,  h  quite  as 
tnca|)Able  uf  <li!$!M>1vîng  the  red  corpuscles  as  the  fixatire  alone,  is 
tnixeil  with  aume  defibrinatcd  blood.  After  the  centrifugalisation  of 
till»  mixture,  it  is>  ea^y  to  dciuonstratt';  that  the  supernatant  fluid 
has  loet  none  of  its  cuinplement  (alexine),  whilst  the  red  corpuscles 
have  fixed  nunc. 

If,  insjietui  of  an  inactive  scrum,  we  take  a  serum  which  is  capable 
of  dissolving  tlie  red  corpuscles  and  which  consequently  contains  the 
two  liiicmolysing  subsUinces,  and  if  we  place  it  in  contact  with  the 
oorrespoudiug  red  corpusclcii,  at  a  temperature  between  0""  and  3'  C, 
the  solution  will  not  take  place  (Ehrlich  and  Morgenroth).  Under 
these  conditiojis  the  fixative  certainly  attaches  itself  to  the  red 
coqtusdes,  but  the  alexine  remains  in  solution,  unused.  It  is  only 
Decessary,  however,  to  heat  the  mixture  up  to  30°  C.  to  bring  about 
rapiil  luiemolysis. 

From  their  very  ingenious  experiments,  as  a  whole,  Ehrlich  and 
Murgenroth  conclude  that  the  fixative  possesses  two  diflerent  affini- 
Ikw  :  one  for  the  red  corpuscle  and  another  for 
Hie  complement  Of  these  two  affinities  the 
«tronger  is  that  whicli  links  it  to  the  red  cor- 
puscle, for  this  is  manifested  at  a  very  low 
lcni|ieniture.  In  order  that  the  fixative  may 
combine  with  the  complément  a  much  higher 
lemfieratiire  is  re<:juisite.  Ehrlich  comes  to  the 
OiMiclui^iou  that  the  molecule  of  the  fixative 
(Metiesses  two  liai)tophore  groups,  or  groups 
capable  of  chemical  combination.  Tlie  first  of 
tbe««  links  it  to  a  corresponding  molecule  of  the 
retl  corjmscle  to  whicli  he  gives  the  name  of 
rvcrptor;  the  second  combines  the  fixative  with 
the  molecule  of  the  complement  and  in  this  way 
introduces  the  latter  into  the  red  corpuscle. 
Tbc««c  investigat<jr8  give  a  diagram  which  greatly 
fiuriUtatcs  the  understanding  of  their  hypothesis 

(Fig.  19).    They  seek  to  prove  that  the  combinations  of  the  fixative 
with  the  re<l  blood  corpuscle  and  with  the  complement  follow  the  law 
of  definite  multiples  and  that  these  phenomena  most,  in  consequence,  [loo] 
be  looked  upon  as  being  of  a  purely  chemical  character. 


Fin.  19,     Sohetna  of 
Ehrlich's  theoiy. 

e,  complement  (alexine, 
oyt&M) — am,  »ral>o- 
cpptor  (fixative) — r,re- 
oeptor  of  the  red  cor- 
puscle. 

(After  Lcraditi  in  tli* 
Prêtée  médieaU,) 
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The  hjpatliesis  advanced  by  J.  Bordot  does  not  accord  very  well 
with  the  tlit'oi-j'  we  have  just  set  forth.     He  could  never  convinc 
himself  that  the  fixative  combines  with  the  cuuipleiueut    He  was 
opinion  rather  that  the  fixative,  retained  by  the  corpuscle,  exerci 
upon  it  a  mordant  action  which  enables  it  to  absorb  the  alexiue. 
alexine  is  supposed  to  atUich  iU*ielf  to  tlie  sensibilised  red  blood  cor-^    , 
pusrle  as  a  ilye  attaches  itself  to  a  mordanted  element     Bordet  rcstafl 
his  inteqirctatiou  mainly  on  the  fact  that  the  absorption  of  alexiue^ 
by  the  sensibilised  corpuscles  does  not  follow  the  elemcnUuy  laws  of 
chemical  combination,  especially  those  of  definite  multiples.  ^Ê 

Nolf  has  sought  to  define  more  accurately  the  imrt  played  hy^ 
these  two  subsUiuces  in  the  solution  of  the  red  bhiod  coi"jiusclesi. 
He  agrees  with  liordet,  ttiat  in  this  phenomenon  the  fixative  plays 
the  same  jiart  that  the  mordants  do  in  dyting.  Linked  to  the  red 
corpuscle  the  fixative  render»  it  more  greedy  for  alexine,  exactly  an 
the  mordant  facilitates  the  fixation  of  the  dye  on  the  fibre  of  the 
textile  fabric.  Under  these  conditions  the  alexine  (complement), 
finding  itself  in  large  quantity  inside  the  red  corpuscle,  exercises 
upon  it  it»  hydrating  action,  thus  bringing  about  the  diffiision  of 
the  haemoglobin  and  often  even  the  solution  of  the  corpuscula 
stroma. 

Nolf  comjiares  tlie  solvent  action  of  alexine  upon  the  red  corpuscle 
to  that  of  certain  mineral  salts,  such  as  ammonium   chloride.     He 
passes  in  review  the  various  i>ro|)erties  of  alexines  and  finds  them 
very  similar  to  the  solvent  action  of  certain  salts.    Even  the  pecu- 
liarity of  alexine,  of  remaining  inactive  at  a  temper.iture  of  0° — 3°C., 
is  shared  by  amiuoniinn  chloride  which,  alone  of  all  the  salts  studied 
by  Nolf,  exercises  no  solvent  action  under  these  conditions.    But  Nolf 
found  it  impossible  to  push  these  analogies  further,  and  especially  to 
sensibilise,  by  the  fixative,  the  red  tor[Hiscles  to  tlie  action  of  quan- 
tities, which  were  of  themselves  inactive,  either  of  ammonium  chloride 
or  of  any  other  salt. 
[101]       Lon<lon'  hoped  by  fresh  experiments  to  solve  the  problem  of  the    n 
mode  of  action  of  the  two  substances  which  act  in  haemolysis.    H^H 
pronounced  in  favour  of  the  theory  that  they  entered  into  chemical^ 
eombination  with   the  red  corjniscles.     But  the  facts  accumulated 
up  to  the  present  do  not  enable  us  to  make  a  positive  etatemenlj 
as  to  the  exact  nature  of  the  reaction  which  is  set  ujj  during  th^ 

*  Ann.  de  tlnêt.  Paâteur,  Pariii,  1900,  t.  xiv,  p.  6.5G. 

*  Arcli.  d.  te.  bid.  (russes),  1901,  t.  vni,  pp.  281  oud  323. 
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solution  of  the  red  blood  corpuscles  ;  this  is  not  astonishing  in  view  of 
the  ikct  that  it  is  impossible  to  isolate  the  haemolysing  substances  in 
a  pure  state. 

It  may,  however,  be  admitted  that  the  action  of  alexine  (comple- 
ment) comes  under  the  category  of  phenomena  that  are  produced  by 
soluble  ferments.  Buchner'  maintains  that  there  is  an  analogy  be- 
tween this  substance  and  the  diastases  (or  enzymes)  ;  Bordef^,  from 
the  appearance  of  his  first  publications  on  haemolysis,  has  expressed 
himself  in  favour  of  this  view.  Ehrlich  and  Morgenroth*,  in  their 
two  first  memoirs,  very  distinctly  put  forward  the  same  idea.  "  We 
shall  not  deceive  ourselves" — they  say — "if  Me  attribute  to  the 
addiment  (syn.  complement,  or  alexine)  the  character  of  a  digestive 
ferment"  In  one  of  their  last  memoirs*  they  no  longer  express  them- 
selves in  so  decided  a  fashion.  Nevertheless  we  are  still  quite  justified 
in  maintaining  this  proposition.  The  substance  which  dissolves  the 
red  blood  corpuscles  of  Mammals  or  a  portion  only  of  those  of  Birds, 
undoubtedly  presents  very  great  analogies  to  the  digestive  ferments. 
As  has  been  mentioned  repeatedly,  it  is  very  sensitive  to  the  action 
of  heat  and  is  completely  destroyed  by  heating  for  one  hour  at  55°  C. 
In  this  respect  it  closely  resembles  the  macrocytase  of  macrophagic 
oi^ns  which  also  dissolves  red  corpuscles.  As  it  is  the  macrophages 
which  ingest  and  digest  the  red  blood  corpuscles  in  the  organism,  it 
is  evident  that  alexine  is  nothing  but  the  macrocytase  which  has 
escaped  from  the  phagocytes  during  the  preparation  of  the  serums. 

We  know  that  the  leucocytes  contain  quite  a  series  of  soluble 
ferments  of  which  some  are  set  at  liberty  after  the  blood  has  been 
drawn  from  the  vessels.  It  is  thus  that  plasmase,  or  fibrin-ferment, 
is  set  free  from  the  leucocytes  to  combine  mth  fibrinogen  to  produce  [102] 
the  clot  Tills  is  not  the  only  soluble  ferment  of  leucocytic  origin. 
It  has  been  known  for  some  time  that  in  addition  to  this  coagulating 
ferment  the  leucocytes  contain  ferments  which  are  especially  digestive 
or  decoagulating.  Thus  Rossbach*  has  demonstrated  the  presence  of 
amylase  in  the  leucocjtes  of  different  organs,  especially  the  tonsils. 
Arthus  has  confirmed  this  discovery  and  Zabolotny»  has  completed  it 
by  his  observations  on  the  phenomena  which  appear  in  the  peritoneal 

'  MuHchen.  med.  TVchmchr.,  litOO,  S.  1193. 

*  Ann.  de  I'Intt.  Pasteur,  Paris,  1898,  t  xn.  p.  688  ;  1S'J9,  t.  xiii,  p.  273. 

*  Berl.  klin.  Wchmchr.,  1899,  SS.  Ç>  and  481. 

*  Berl.  klin.  Wchiigchr.,  1900,  S.  682. 

'  Deuttche  med.  Wclmschr.,  Leipzig,  1890,  S.  389. 

*  Arch,  ruttes  d.path.,  etc.,  St-Pétereb.,  1900,  t.  iv,  p.  402. 
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cavity  of  animals  into  which  wheat  flour  or  starch  were  injected, 
Ile  observed  that  the  small  granules  are  quickly  iugcâted  by  isolated 
leucocytes,  whilst  the  large  granules  are  surrounded  by  quite  a  layer 
of  phagocytes.  He  agrees  with  several  other  writers,  that  the  amylase 
fuimd  in  defibrinated  blood  has  its  origin  in  leucocytes. 

Leber',  in  the  course  of  his  researclies  on  inflammation,  made  the 
observation  that  the  pus  of  a  liypopyon  that  was  al>solutcly  aseptic 
digests  coagulated  fibrin  at  a  temperature  of  25"  C.  and  liquefies 
gelatine  very  readily.  Achalme'  has  confirmed  this  and  has  added 
several  other  interesting  data.  ITc  investigiited  the  soluble  fennents 
of  pus  and  directed  his  attention  amongst  othei"s  to  experimental  pus, 
set  up  by  the  injection  of  spint  of  turpentine.  In  addition  to  amylase 
and  a  ferment  which  liquefies  gelatine,  Achalme  has  discovered  in 
pu*,  saponase  (lipa,se),  cascade,  and  a  ferment  closely  allied  to  trypsin. 
This  hist  rea<lily  digests  fibrin  and  also  attacks  coagulated  white  of 
egg  ;  in  the  producia  of  this  digestion  Achalme  found  peptone  but 
could  not  always  obtain  Icucin  and  t3T08in.  lie  never  succeeded  in 
demonstrating  the  presence  of  sucrose,  inidase,  emulsiii  or  lactase 
in  pus.  On  the  other  hand  he  found  large  qiiantities  of  oxyda.ie, 
thus  confirming  the  discovery  of  Portier*  who  was  the  first  to  demon- 
strate that  these  ferments  met  with  in  the  blood  are,  in  the  living 
animal,  found  inside  leucocytes.  By  a  large  number  of  experiments, 
[103]  carried  out  on  most  diverse  representatives  of  the  aiiimal  kingdom, 
Portier  was  able  to  establish  the  important  fact  that  the  oxydases 
which  are  found  in  many  organs  or  in  the  fluid  of  blow!  withdrawn 
from  the  organism  really  originate  in  leucocytes  as  they  deteriorate 
and  break  up.  In  this  respect,  then,  they  resemble  fibrin-feniient 
very  closely. 

To  complete  the  list,  already  considerable,  of  leucocytic  ferments, 
I  must  further  cite  the  anticoagulating  soluble  ferment  whose 
existence  in  Mammals  has  been  so  well  tlcmonstrated  by  Delezenne. 

All  this  evidence  encourage-s  us,  then,  to  support  the  thesis  that 
alexine  is  one  of  the  numerous  intraleucocytic  soluble  ferments  and 
that  it  only  passes  into  the  fluids  as  tlie  result  of  rupture  or  of 
damage  to  the  phagocytes.  Nolf  (I.e.)  ha.s  recetrtly  pronounced 
agjiinst  tliis  view  ;  we  must  therefore  examine  his  arguments  closely. 
In  the  first  place  he  tikes  his  stand  on  the  analogies  between  the 

'  "  Die  EtiUtehung  der  Kutzundung,  "  Leipzig,  1891,  S.  S08. 

*  Compt.  remi.  Sue.  de  Biol.,  Paris,  1899,  p.  568. 

*  "Lea  Oxydases  dans  la  série  animale,"  Paria,  1897* 


tîon  of  the  red  bloo<l  corpuscles  by  the  senims  and  by  certain 
It  must  not  be  forgotten,  in  connection  with  his  theory,  that 
baenaoiygis  is  but  one  example,  out  of  many,  of  the  action  of  alexines. 
Of  all  the  formed  elements  the  red  corpuscles  are  the  most  delicate  ; 
Uiey  «re  readily  broken  up  by  all  sorts  of  agents  (moderate  heat, 
water,  8alt«,  etc).  Further,  there  are  numerous  other  cells  (white 
cori)uscIe6,  spermatozoa,  and  inferior  organisms)  which  resist  the 
action  of  sjdts  much  better,  which,  uerertheless,  are  very  injuriously 
allecteil  by  the  action  of  the  alexlues. 

Nolf  lays  special  stress  on  the  experiments  in  which,  after  keeping 
red  blood  corpuscles  in  prolonged  contact  with  active  serums,  he 
ha$  Ux>ked  in  vain  for  the  jKjptone  reaction.  He  prepared  his 
mixtures  in  sealed  tubes  or  flasks,  and  kept  them  in  an  incubator  at 
aj'^C.  for  24 — 48  hours,  or  even  for  weeks.  Under  these  conditions 
the  haemoglobin  is  transformed  into  mctahaemoglobln,  but  peptones 
never  appear.  Nolf  concludes  therefrom  "  with  confidence,  that  the 
alexines  do  not  exert  the  slightest  pcptonisiug  effect  on  the  albu- 
minoids of  the  corpuscle"  (I.e.  p.  072). 

To  this  conclusion  it  must  be  objected  that  peptone  is  not  the  only 
prckluct  of  the  digestion  of  albuminoids  by  soluble  ferments.  Under 
certain  conditioni^  the  disintegratMiii  is  ciirried  much  further,  in 
others  it  is  arrested  at  an  earlier  stage.  Thus  human  urine  which 
contains  pep.siu,  never  gives  the  peptone  reaction  with  fibrin  ;  the 
digestion  of  the  latter  only  goes  on  uj)  to  the  stage  of  protalbumose. 
Wiico,  however,  the  urinary  pepsin  is  fixed  on  flakes  of  heated  fibrin  [104] 
which  are  submitted  to  digestion  in  acidulated  water  the  digestion 
proceeds  further  and  give»  as  final  products  deuteroalbumose  and 
peptone^.  Now,  under  the  conditions  in  Nolf  s  experiments  the 
.":  ri  would  be  very  quickly  stopped,  because,  at  the  temperature 

•  .,  alexiue  very  soon  loses  its  strength.  Investigators  who 
Imve  experimented  with  haemolytic  serums  know  well  that,  even 
when  kept  at  a  low  temperature,  alexiue  may  lose  its  activity  within 
'21  hour»!. 

It  has  been  mentioned  above  that  Xolf  sought  in  rain  for 
a  parallel  between  haemolysis  by  salts  and  that  by  senims,  in  what 
reiatfes  to  the  action  of  the  fixative.     He  was  unable  to  find  anything 

iparuble  to  this  action  amongst  salts,  although  digestion  by  soluble 


'  Sudclmaim,  Ztwfir.  /.  BioL,  Mûnchen,  1887,  Bd.  xxrv,  8.  226  ;  1888,  Bd.  xxr, 
8.  SOU;  Potella,  Ann.  unie,  di  nud.  e  chir.,  Milano,  1887.  ^Cited  by  Huppcrt 
ill  Ncnhaocr  u.  Vogel's  Analyse  dea  Hat  a»,  x"*  Aufl.,  Wicftbadeii,  1898,  S,  699.) 
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ferments  offers  undoubted  analogies,  I  need  only  recall  furtber  the 
discovery  of  enterokynase,  tbe  soluble  feitnent  of  the  digestive  juice 
of  the  dog,  which  actively  stimulates  the  action  of  pancreatic  ferments, 
and  especially  that  of  tiypsin.  The  recent  researches  of  Delezennu 
(communicated  to  the  luteiuational  Congress  of  Physiology  held  at 
Turin  in  September  1901)  support  this  conclusion  in  a  very  im- 
portant fashion.  As  already  pointed  out  in  Chapter  III  the  entero- 
kyuase  of  the  intestinal  juice  exerts  an  action  comparable  with  that 
of  tbe  fixatives  of  hacmolytic  scrums.  Alone,  it  does  not  act  as  a 
solvent  ferment,  but  when  it  attaches  itself  to  the  fibrin  it  aids  the  action 
of  the  trypsin  in  a  marked  degree.  In  pancreatic  digestion  entero- 
kynase  plays  the  part  of  the  fixatives  in  the  solution  of  red  corpuscles. 

The  analogy  between  the  resorption  of  formed  elements  and 
intestinal  digestion  extends  even  beyond  this.  When  we  inject,  into 
the  peritoneal  cavity  or  under  the  skin  of  various  animals,  blood  from 
a  difiereut  species,  the  blood  seram  of  the  former  becomes  hacmolytic 
for  the  red  corpuscles  of  the  latter.  The  solution  of  these  red 
corpuscles  is  effected  by  the  alcxinc  of  the  serum,  whose  activity  is 
rendered  very  great  owing  to  the  presence  of  a  quantity  of  specific 
fixative.  This  same  fixative  appeare  also  in  the  fluids  of  animals 
to  whom,  instead  of  injecting  blood,  we  simply  give  it  by  tbe  mouth. 
Li05]  This  fact  has  been  estîiblished  by  Metalnikoli*'. 

Another  fact  in  favour  of  the  close  relationship  between  the 
fixatives  and  enterokynase  consists  in  the  presence  of  both  in  the 
lymphatic  (lymphopoietic)  organs.  The  fixatives  which  aid  the  solu- 
tion of  red  corpuscles  are  foiuid  specially  in  the  mesenteric  glands. 
Enterokynase,  as  dciuonstrated  by  Delezenne,  is  found  not  only  in  the 
intestinal  juice,  but  also  in  Peyer's  patches,  the  solitary  glands,  the 
mesenteric  glands,  and  the  leucocytes  of  exudations  and  of  tlie  blood. 

Suppoited  by  these  various  facts  we  are  quite  justified  in  regard- 
ing the  haemolysiiig  substîuice  of  serum  as  containing  two  soluble 
ferments,  of  whicli  one,  alexine,  corresponds  to  trypsin,  the  other, 
the  fixative,  resembling  etiterokyiuise.  The  alexine,  M'hose  nature  is 
gradually  disclosing  itself  with  more  precision,  should  bear  the  name 
of  cfftase  or  cell-ferment.  The  cytase  of  the  macruphagic  org-.tns,  or 
macrocytasc,  comes  under  this  aitegory.  According  to  the  researches 
of  Tarassewitch  it  also  acts  mure  vigorously  when  there  is  added  to 
it  some  of  the  fixative  found  in  the  serum  (heated  to  6G°C.)  of 
prepared  animals. 

>  Cmttam.f.  BukteriiJ.  u.  Parcuitenk.,  1"  Abt,  Jona,  ISOl,  Bd.  rxuc,  S.  531. 
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We  have  said  that  in  the  hring  aiiiinnl  the  inacrocyta.se  is  localised 
in  the  phagocytes  of  the  ori^uns  and  of  the  blood.  Thus,  when  goose's 
blooii  isinjected  intotheperitoncal  cavityof  thegiiinea-pig  the  red  blooil 
coq>ascleâ  are  digested  within  the  macrophage  and  not  iu  the  fluid  of 
the  peritoneal  exudation.  When,  however,  the  same  kind  of  blood  is 
injected  a  second  or  a  third  time,  it  is  found  that  a  certain  number  of 
the  red  corpuscles  become  permeable  and  lose  their  haemoglobin,  which 
they  give  up  to  the  fluid  of  the  exudation,  and  oidy  the  membrane  and 
the  nucleus  remain.  These  are  at  once  ingested  by  the  macrophages 
which  under  these  conditions  manifest  a  real  excess  of  activity.  In- 
stead of  sending  out  small  processes,  as  they  do  after  the  first  injec- 
tion of  blood,  these  phagocytes  move  about  like  true  Anioebae,  sending 
out  broad  pseudopodia,  and  ingest  not  only  the  remains  of  the  red 
corpuscles  but  also  those  still  intact'  (Fig.  20).  Under  these  cou-  [106] 
iliiions  macrocytase  must  undoubtedly 
be  found  in  the  peritoneal  plasma 
It  l»,  however,  easily  demonstrable  that  "^" 

thiâ  ferment  was  not  performed  in  the 
fluid  but  has  escape<l  from  the  leuco- 
C}ie8  that  have  undergone  phagolysis. 
After  the  rapid  injection  of  alien  blood 
tbo  phagocytes  of  the  peritoneal  lymph 
giither  into  clum|>8,  become  immobile, 
and  for  a  time  lose  their  phagocytic 
power.  It  is  only  after  the  lapse  of  a 
longer  or  shorter  jieriod  that  the  leuco- 
cytes recover  from  the  phugtjlysis,  arrive 
in  great  numbers  in  the  peritoneal  cavity 
and  display  their  phagocytic  energy. 

If  tlie  damage  to  the  phagocytes — the  phagolysis — is  the  actual 
cause  of  the  setting  free  of  the  intraleucocytic  ferment,  we  have 
only  to  prevent  this  phagolysis  in  order  to  inhibit  the  solution  of 
rod  blood  corpuscles  in  the  fluid  of  the  exudation.  For  this  purpose 
it  is  iiufficient  to  prepare  guinea-pigs  (which  have  already  received 
several  injections  of  goose's  blood)  by  means  of  an  injection  of  fresh 
broth,  of  physiologicid  salt  solution,  or  of  carbonic  acid   into  the 


Fig.  20.— Rftpid  ingeslion  of 
red  corpasolea  o(  the  gooM 
bj  luaciophjigM. 


'  SawlcLenko  {Arch,  rimet  de  Path.,  etc..  St  Pétereb.,  1901,  t  xi,  p.  •i.W)  hm 
nbwarred  that  leucocytes,  ofltr  iliev  have  absorbed  the  epeciâc  fixutire,  acquire  the 
|)«np«tfi.T  of  iogetiitig;  tvi  bluud  corpuscles  with  extraordinary  rapidity.  Tarasaewitch 
««•  able  to  coiitirui  thiii  fact. 
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peritoneal  cavity  on  the  ere  of  the  decisive  experiment.  Such  injection 
at  once  provokes  phagolysis,  which  is  then  followed  by  an  abundant 
exudation  of  leucocytes.  When,  next  day,  a  dose  of  red  blood  cor- 
puscles of  the  goose  (deprived  of  eerura  by  centrifugalising)  is 
introduced  into  the  peritoneal  cavity  thus  prepared  phagolysis  is  no 
Icmger  produced,  or  very  feebly,  and  is  of  very  short  duration. 
Under  these  conditions  the  solution  of  the  red  cori)U8cle8  by  the 
peritoneal  fluid  is  reduced  to  a  minimum,  and  in  its  place  an  ex- 
tremely rapid  and  considerable  ingestion  of  red  corpuscles  by  the 
macrophages  may  be  observed.  In  order  that  the  experiment  may 
be  completely  successful  it  is  advisable  to  use  goose's  blood  heated 
to  37°  C.  or  thereabouts  for  the  injection. 

Eveji  when  the  red  corpuscles  of  the  goose  are  introduced,  not  into 
the  peritoneal  cavity  but  into  the  subcutaneous  tissue  of  guinea-pigs 
that  have  received  several  injections  of  goose's  blood,  we  can  easily 
prevent  the  extnicelhilar  solution  of  the  red  corpuscles  which  takes 
place,  as  already  indicated,  in  the  normal  guinea-pig.  As  in  this 
[107]  case  the  goose's  scrum  which  is  mixed  with  the  corpuscles  contributes 
to  the  haemolysis,  it  must  be  suppressed  by  centrifugalising  the 
defibrinated  goose's  blood  and  by  washing  the  corpuscles  with  normal 
saline  solution. 

Collectively,  the  facts  I  have  just  described  clearly  indicate  that 
the  phagocytes  must  be  regarded  as  tlie  source  of  the  haemolytic 
ferment  The  macroeyUise  remains  in  the  body  of  these  cells  so 
long  as  they  are  in  a  normal  condition  ;  but  inmiediately  they  are 
injured,  in  consequence  of  the  sudden  introduction  of  foreign  sub- 
stances into  the  peritoneal  cavity,  a  portion  of  the  macrocytase  escapes 
and  acts  on  the  red  corpuscles  as  if  it  had  been  employed  in  vitro. 

As  the  conclusion  I  have  just  formulated  is  of  fundamental 
importance  in  the  study  of  resorption  and  innnunity  it  is  necessary 
to  support  it  by  as  many  arguments  as  possible.  For  this  reason, 
therefoi'e,  I  feel  obliged  to  draw  the  attention  of  the  reader  to  another 
example  of  the  resorption  of  formed  elements. 

We  have  already  spoken  of  the  resorption  of  spermatozoa  in 
the  peritoneal  cavity,  and  of  the  part  played  by  the  macrophages 
in  this  phenomenon.  As  a  result  of  this  resorption,  just  as  after 
that  of  red  blood  corpuscles,  the  organism  acquires  new  properties 
of  the  same  character.    liandsteiner'  and  the  writer^  have  shown 

'  Centralbl./.  BakterioL  u.  Paratitenk.,  I"»  Abl.,  Jena,  1899,  Bd.  xxv,  S.  546, 
»  Ann.  de  I'/nsl.  Pattcur,  Pari*,  1699,  t.  XiU  p.  738. 
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that  the  blood  serum  and  the  peritotieal  fluid  of  animals  that  have 
been  injected  with  the  spermatic  tluid  of  buU,  rabbit,  or  man,  be- 
come spermotoxic,  that  is  to  say,  they  render  the  corresimnding 
opermatozoa  motionless  and  kill  them.  The^e  fluids,  however,  never 
acquire  the  power  of  dissolving,  even  partially,  these  elements. 
Tlie  disappearance  and  final  solution  of  the  spermatozoa  is  only 
effected  within  phagocytes,  and  almost  exclusively  in  the  macrO" 
phage». 

Moxter'  has  demonstrated  that  the  spermotoxin  which  appears  in 
the  scrum  of  prepared  animals  consists  of  two  substances,  con-e- 
«ponding  to  those  present  in  the  haemolytic  serums.  These  are  the 
inacrocytiise  (alexine,  comi)lenient)  and  the  fixative  (intermediary  or 
fleosibiUsing  substance).  For  him  they  are  identic^d  with  those  Mhich 
dia»oIve  the  red  coiiiuscles.  Without  dwelling  on  the  subject  we 
VOMJ  my  that  the  macrocytaso  which  dissolves  the  red  corpuscles 
and  that  which  arrests  the  motion  of  the  spermatozoa  are  really 
identical  in  the  same  species  of  animal,  as  is  accepted  and  developed  [108] 
by  BordeL  On  the  other  hand,  it  is  impossible  to  accept  ifoxters 
theory  of  the  identity  of  the  two  fixatives.  They  must  be  regarded 
Wi  diflerent  :  this  we  have  attempted  to  prove  in  one  of  our  memoirs^ 
and  is  in  accordance  with  the  law  of  the  specificity  of  fixatives  in 
general. 

The  question  which  interests  us  more  especially  at  this  moment 
U  where  are  these  two  constituent  substances  of  the  s|>ertuotoxin 
to  be  found  and  how  do  they  behave  in  the  living  organism?  This 
«luestiun  has  been  very  thoroughly  studied  by  MetahiikolF*  in  my 
lalx>ratorj'.  His  experiments  have  been  closely  followed  by  me,  and 
in  presenting  their  principal  results  I  can  bear  witness  to  their 
correctness. 

T\\e  spermotoxin  obtained  by  Metalnikoff  is  distinguished  from 
the  haemotoxins  we  have  discussed  up  to  the  present  in  that  they 
develop,  not  as  a  result  of  the  injection  of  cell  elements  from  a  diffe- 
rent si>ecie«,  but  as  a  result  of  the  introduction  into  the  organism  of 
«pennjvtozoa  from  the  same  species,  tlie  guinea-pig.  We  have  here, 
tJicn,  to  deal  with  what  has  been  termed  autospermotoxin. 

The  serum  of  the  normal  guinea-pig  acts  but  feebly  on  the  sper- 
matozoa of  this  species,  which,  under  its  influence,  remain  motile  for 

*  DeutgchtMned.  IVchtmchr.,  Leipzig,  1900,  S.  61. 

*  Ann.  d«  iln*t.  Patteur,  Paris,  1900,  t  iiv,  p.  369. 
»  Ibid.,  p.  577. 
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ncvcnil  lioura.  When,  however,  guinea-pigs  have  received  one  or 
fiovenil  injections  of  tlie  sperniatozoa  of  their  own  species,  their  serum 
and  iKjritoneal  lymph  Income  distinctly  toxic  and  render  the  sperma- 
tozoa motioidcHa  in  a  few  minutes.  In  male  guinea-pigs  so  prepared 
tho  Horuni  acquires  this  toxic  property  not  only  for  the  sperniiitozoa  of 
other  male  guinea-pigs,  but  likewise  for  those  of  the  individual  itself 
whioh  furnishes  the  serum.  This  latter,  then,  becomes  distinctly 
au(^mpcnn«)toxic. 

If  the  spermotoxin  were  diffused  in  the  plasma  and  other  fluids  of 
the  gtiincii-pig  whidi  furnishes  it,  it  ought  to  render  motionless  the 
«IKirmatozoa  contjiiucd  in  the  genital  organs.  Experiment  demonstrates, 
however,  that  this  is  not  the  case.  If  the  male  organs  be  removed 
from  a  guinea-pig  whose  scrum  is  very  autospcrmotoxic  in  vitro,  we 
find,  oipecially  in  the  epididymis,  a  mass  of  very  virile  spenuatozoa 
which  for  a  long  time  retain  their  motility  in  physiological  salt 
[11)1»]  «dhitioM.  The  nmcrocytasc.  then,  has  not  reached  tJie  spermatozoa 
in  the  living  animal  ;  this  is  because  it  is  not  found  in  the  plasmas. 
Lot  us  inject  into  a  guinea-pig,  whose  serum  is  strongly  autosj>ermo- 
Uixic,  oiiir  portion  of  sperm  into  the  subcutaneous  tissue  and  another 
IK)rtlon  ijito  the  peritoneal  cavity.  In  the  first  site  a  soft  oi'dema, 
fllled  with  transuded  fluid,  in  which  the  very  active  8permat*>zoa 
retain  their  motility  for  a  couple  of  hours,  is  pi-oduced.  In  the  peri- 
toneal fluid  the  same  spermatozoa  become  motionless  iu  a  few 
minutes.  This  great  difference  is  explaine<l  by  the  fact  that,  under  the 
•«kill,  there  are  no,  or  almost  no  pre-existing  leucocytes,  whilst  in  the 
|>uritoiical  fluid  they  are  abundant.  The  phagocytes  injured  by  the 
iiitroiliiction  of  sperm  into  the  peritoneal  cavity,  abandon  a  portion  of 
their  macrocytase.  suflicient  to  render  the  spermatozoa  motionless, 
liut  when  Metalnikoff  injected  pliysiological  salt  solution  into  the 
peritoneal  cavity  of  his  autos[>ermotoxic  guinea-pigs,  and  then,  on  the 
following  day,  a  fjuantity  of  sperm,  the  spermatozoa  continued  very 
lU'tlvo  for  more  than  au  hour.  In  this  case  phagolysis  is  very  ti'ansi- 
tory  iind  insignificant  ;  it  is  soon  followed  by  a  great  afflux  of 
ItMicocytcH  which  bring  about  a  rapid  ingestion  of  the  s|)ermatozoa. 
Many  of  these  elements  are  devoured  in  a  living  state  ;  for  even  when 
their  bocly  Is  enclosed  in  the  macro|)hage,  their  tail,  left  outside, 
continucH  to  move  very  actively. 

All  the»o  experiments  demonstrate  that  in  the  normal  state  tho 
macrocytase  remains  within  the  phagocytes  and  only  e8cai>es  during 
(jliagolysis,  or  at  the  moment  whea  the  blood,  after  it  has  been  with- 
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drawH  from  tlie  organism,  coagulates.  Ts  it  the  same  for  the  fixative? 
It  û  easy  to  prove  that  this  sohible  ferment  circulates  in  the  plasmas 
of  the  living  organism.  We  have  already  said  that  the  spermatozoa 
of  a  guinea-pig  whose  serum  is  very  autospemiotoxic,  remain  alive  for 
Home  time  in  the  physiological  salt  solution.  But  if  wc  introduce 
ilicin,  in  t'tfro,  into  the  serum  of  a  normal  guinea-pig  they  remain 
motile  but  a  short  time  (some  10 — 20  minutes),  whilst  the  8i)ermatozoa 
of  a  normal  guinea-pig  will  live  in  the  same  serum  for  several  hours. 
Tim  difference  is  explained  by  the  fact  that  the  spermatozoa  of  the 
autOJîiKîrmotoxic  guinea-pig,  although  very  active,  have  absorbed 
the  fixative  during  the  life  of  the  animal.  This  fixative  is,  as  we 
bare  stated,  found  in  the  body  fluids  and  has  been  able  to  penetrate 
to  the  male  organs.  Here  the  spermatozoa  become  charged  with 
the  fixative  and,  once  transported  into  the  serum  of  the  normal  [Ho] 
gninca-pig,  rich  in  macrocytase,  they  lose  their  movements  very 
quickly.  At  the  same  time  the  spermatozoa  used  for  control,  not 
Iwving  abHor1>ed  any  fixative,  are  able  to  live  for  a  long  time  in  the 
■ante  serum. 

As  the  macrocytase  remains  fixed  to  the  phagocytes  there  can  be 
no  doubt  as  to  its  origin  ;  it  is  elaborated  by  these  cells.  Whence 
however  comes  the  fixative  which  is  free  in  the  bo<ly  fluids  and  which 
is  precisely  the  substance  that  is  developed  in  so  large  a  quantity  in 
the  treated  animals  ?  The  exact  eolation  of  this  quetttion  is  not  easy  ; 
nevertheless  there  are  many  facts  which  indicate  that  this  fixative  is 
ii\i*n  of  phagocytic  origin.  We  know  already  that  the  serums  of  normal 
animals  contain  only  small  quantities  or  sometimes,  perhaps,  none  of 
the  fixative.  This  fixative  only  appears  abundantly  as  the  result  of 
tin?  re.^orption  of  the  corresponding  elements,  red  corpuscles  or  sper- 
matozoiu  This  resorption,  as  we  have  said,  is  almost  exclusively  the 
work  of  the  macrophages.  It  is  just  in  those  cases  where  the  red 
corpuscles,  injected  into  the  peritoneal  cavity  of  an  animal  of  the  same 
»pecie«,  pass  directly  into  the  lymph,  without  lœing  injured  or,  save 
exceptionally,  ingested  by  the  phagocytes,  that  the  fixative  is  not 
r  ._...!  When  the  ret!  blood  corpuscles  of  the  goose,  introduced  with 
.  ..ited  blood  below  the  skin  of  a  guinea-pig,  undergo  there  a 
partial  solution  in  the  fluid  of  the  exudation,  and  where  the  phago- 
cytosis is  more  limited  than  in  the  peritoneal  cavity,  the  pro<luction  of 
fixative  is  smiill.  When  the  injection  of  the  same  goose's  bloo<l  is  made 
into  Uie  peritoneal  cavity  of  a  guineji-pig  and  is  followed  by  complete 
I^mgocytosis,  the  fixative  is  produced  in  grctiter  abundance.    There 
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exists,  then,  iu  all  these  cases  a  constant  relation  between  the  degree 
of  phagocytosis  and  the  amount  of  the  fixative  producerl.  As  tliis 
fixative  facilitates  the  access  of  the  cytase  to  the  cells  and  as  the 
resorption  of  these  elements  takes  place  specially  in  the  macrophages, 
we  are  bound  to  come  to  the  conclusion  that  the  fixative  is  a  second 
phagocytic  ferment  which  is  produced  in  abundance  during  the  process 
of  intracellular  digestion.  Only,  instead  of  remaining  iu  the  substance 
of  the  phagocytes,  this  fixative  is  in  part  thrown  out  from  these 
elements.  It  passes  into  the  plasma  of  the  blood  and  into  the  other 
fluids  and  ends  by  disappearing  from  the  organism,  probably  being 
eliminate*!  by  the  excretory  channels. 

In  the  Invertebrata,  where,  as  we  have  seen,  the  alien  red  blood 
corpuscles  are  also  digested  within  the  phagocytes,  we  have  never 
been  able  to  demonstrate  any  hacmolytic  property  of  the  blood  fluid, 
even  after  repeated  injections  of  blood.  We  must  conclude  from  this 
[111]  that  in  these  animals  the  quantity  of  fixative  is  merely  sufficient  to 
bring  about  the  solution  of  the  red  corpuscles  which  are  within  the 
phagocytes.  In  the  cise  of  fishes  and  higher  animals  (we  may  recall 
the  example  of  the  red  corpuscles  of  the  guinea-pig  wlien  resorbed 
into  the  organism  of  the  gold-fish)  the  production  of  the  fixative  is 
much  more  abundant,  and  this  ferment  can  be  easily  demonstrated  by 
its  action  in  vitro. 

This  over-pro«luction  of  a  ferment  which  acts  in  the  phagocytic 
resoqition,  finds  its  analogue  in  the  passage  of  certain  digestive 
ferments,  such  as  amylase  and  pepsin  in  man  and  the  dog,  into  the 
blood  and  urine,  as  mentioned  in  the  preceding  chapter. 

One  of  the  best  arguments  in  favour  of  the  thesis  here  developed, 
has  been  furnisliecl  to  ns  by  the  analysis  of  the  phenomena  observed 
in  connection  witli  the  autospermotoxic  serums  of  the  guinea-pig. 
This  idea  of  antotoxins  was  originally  put  forward  by  Ehrlicti  in  his 
mémoire,  publisiied  in  conjunction  with  Morgenroth  and  alreadj' 
repeatetUy  cited,  Ehrlich  iisked  himself  whether  the  organism  whicii 
resorbs,  not  red  corpuscles  of  an  alien  species,  but  red  corpuscles  of 
its  own  species,  would  also  be  capable  of  developing  haemolytic 
substances.  With  this  object  he  injected  blond  obtained  from  goats 
into  these  same  goats  or  into  other  individuals  of  the  same  species. 
He  and  Morgenroth'  were,  under  these  conditions,  able  to  obtiiin 
isotoxic  serums,  that  is  to  say  serums  which  dissolve  the  red  corpuscles 
of  the  goat,  coming  from  other  individuals  than  those  which  had  been 

»  Berl.  klin.  IVchmchr.,  IWO,  S,  453. 
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treated  by  Uie  blood  and  which  furniiDhed  the  ^st'rum.  Tn  order  to 
obtain  this  result,  however,  tliey  h»d  to  ii^ect,  not  uimltored  blood  but 
blood  mixed  with  w^ter.  The  red  corpuscles  of  the  uiialtcixMl  blood 
pon  readily  into  the  circulutiuu  of  the  animnl  of  thi^  siuiic  sjK'cic», 
wiCboat  being  attacked  by  the  phagocytes.  Now,  we  know  ïwnn  the 
experiments  of  Bonlet  that  the  stromas  of  the  reil  corpuscles  «uflice 
for  the  production  of  the  fixative,  M'hilst  the  haonioi^lobin  does  not 
incite  to  the  «leveh)pnient  of  this  ferment  by  the  organism.  As  the 
etromas,  iiijected  with  a  mixture  of  blood  and  water,  must  l>e  devoured 
by  the  macrophages,  we  can  reaiiily  understand  that  tiiose  phagocytes 
may  serve  for  the  elaboration  of  the  fixative. 

The  resoqition  of  the  red  corpuscles  and  that  of  *permato2oa  which  [112] 
wc  have  presented  as  examples,  may  serve  as  tji^es  for  the  resorptinn 
jikenoraena  of  formed  elements  iu  general.  When  other  species  of 
ccUs  are  introduced  into  the  organism,  the  resulting  process  alwuy» 
reveals  the  s<'irae  character  :  inflammatory  reaction  with  preponderant 
intorventinu  of  the  macropiiagcs  ;  iutraphagocytic  digestion  of  (lie 
introduced  elements  ;  excessive  production  and  excretion  of  the 
fixative»*.  Whilst  the  raacrocytase  is  always  the  sjimo  in  the  name 
species  of  animal,  the  fixatives  are  different  and  spécifie.  In  addition 
to  the  hacmofixativcs  and  spermofixatives  already  described,  we  may 
nbtiiin,  as  the  result  of  the  injection  of  the  coirespoiHling  cells,  leuco- 
fixatives,  nephrofixatives.  hepatofixativcs,  tricliofixativea,  etc.  It 
does  not  enter  into  our  programme  to  treat  the  subject  here'.  Wo 
wish  simply  to  insist  on  those  aspects  of  the  resorption  of  cells 
which  are  closely  coimected  with  the  problem  of  Innuunity.  In  the 
next  chapter  we  must,  however,  recur  to  certaiu  feature»  of  the 
phenomena  of  resorption. 

*  Wc  hare  given  a  iikotch  of  the  actual  state  of  thia  q«c«lion  of  cell  iH>i»«iu«  or 
Cftptvxins  in  the  Reoue  generate  de$  icieiicet pures  et  apjiliquéct,  lOOI,  p.  |. 
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Resorption  of  alKtiminoid  substftnces. — Tho  precipitins  of  blond  Koniin  \rhich  appear 
aa  a  result  ul'  tlie  absorption  of  Bcruiiis  iiiid  of  oiilk. — Absor])tion  of  gelatine. — 
Leucocylic  origin  of  the  ferment  wUch  digests  gelatine. — Antien^yuieâ. — Anti- 
rennet. — Tho  anticytotoxine.— Antihaeniotosic  aerums. — Their  two  constituent 
parts  :  anticyta^ie  and  nntifixativo. — Action  of  anticytase. — The  antispcrmo- 
toxina. — Origin  of  anticytotoiius.— Ehrlich's  theory  on  thin  iiuestion. — Origin  of 
antihaernotosius. — Origin  of  ontisi^eniiotoxin. — Production  of  this  antibody  by 
c«»truted  males. — The  antispermofixativc  produced  when  the  spcrniiitozoa  are 
excluded. — Distribution  of  si>ernnotoxin  and  untisperuiotosiD  in  the  urganiisra. 

We  stated  at  the  beginning  of  the  last  chapter  that  various  fluid 
substances  of  very  complicated  chemical  composition  may  be  absorbed 
by  the  tissues  and  utilised  by  the  organism  without  requiring  to  be 
modified  by  the  digestive  juices  of  the  intestinal  canal.  We  must 
now  describe,  exactly,  the  phenomena  observed  in  these  cases  and 
endeavour  to  establish  the  mechatiisui  of  the  absorption  of  fliuds  in 
the  living  organism. 

We  have  already  cited  the  examples  of  blood  serum,  milk,  and 
white  of  egg,  all  of  which  are  rciulily  utilised  by  the  organism  which 
receives  them  directly  into  the  peritoneal  cavity  or  below  the  skin- 
The  proof  that  these  substances  are  modified — digested  by  the  tissues, 
ifl  furnished  by  the  observation  that  their  injection  necessfirily 
brings  about  appreciable  changes  in  the  properties  of  the  blood. 
Th.  Tchistovitch",  in  a  research  cîirned  out  in  the  Pasteur  In-^titute, 
was  the  first  to  demonstrate  that  the  resoqition  of  the  blood  serums 
of  the  eel  and  horse  by  the  organism  of  the  rabbit,  excites  in  the 
bloo<l  of  the  latter  animal  the  production  of  specific  precipitates. 
The  blood  serum  of  rabbits  that  have  been  vaccinated  against  tlie 
toxic  eel's  serum  gives  a  precipitate  with  eel's  serum  ;  the  serum  of 
rabbits  ti*eated  with  horse's  blood  gives  a  similar  precipitate  with 
[114]  horse's  serum,  etc.    This  property  has  since  been  confirmed  and 
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studied  by  several  observers,  who  have  made  use  of  it  for  the  recogni- 
tion of  human  blood  iu  medico-legal  investigations'. 

Bordef^  \\nn  made  the  discovery  that  intraiteritoneal  injections  of 
the  milk  of  cows  into  rabbits  provokes  in  the  bloiHl  serum  of  the 
latter  the  property  of  giving  a  specific  precipittite  with  cow's  milk 
only.  This  precipitation  bears  a  great  resemblance  to  the  coagulation 
of  casein  ;  which,  however,  does  not  justify  us  in  identifying  the 
precipitating  substance  with  rennet  This  fact  has  been  confirmed  for 
several  other  sjKJcies  of  milk,  and  Schiitzc^,  in  an  itivestigîition  carried 
oo  in  U>e  Berlin  Institute,  essayed  to  apply  it  to  the  differentiation 
of  the  various  kinds  of  mUk.  In  the  same  order  of  ideas,  resesirches 
bave  been  made  on  the  artificial  precipitins  tltat  develop  in  the  blood 
as  tlie  re^sult  of  injection  of  white  of  egg  and  other  albuminoids^ 
LcclaJnche  and  Vallée^  have  prepared  animals  in  such  a  fashion  tiiat 
their  senmi  produces  a  precipitate  with  urinary  albumen.  The  bio- 
togicstl  precipitin  reactions  are  more  sensitive  than  any  of  the  chemical 
reagents  properly  so  called.  Tliesc  specific  gubstancee  in  tlie  senims 
most  be  louked  ui>on  as  belonging  to  the  group  of  soluble  ferments, 
appruxiniating  to  the  fixatives  rather  than  to  the  cytases,  since 
they  are  unaltered  by  being  heated  to  56'  C  Their  action  gradually 
declines  after  jKissing  Go'  C.  but  is  only  destroyed  at  a  temperature 
Ijryond  70' C. 

An  analogous  soluble  ferment  has  been  discovered  in  the  blood 
«erum  of  animals  treated  with  injections  of  gelatine.  We  owe  to 
Dclezenne,  who  has  studied  this  question  in  bis  Iaboratun>-  at  the 
Pti«teur  Institute,  the  most  important  and  most  complete  data  on  the 
re^Kiriition  of  gelatine.  The  blood  eenun  of  normal  animals  ftosseswes 
«mlv  a  very  feeble  power,  sometimes  even  none,  of  liquefying  gelatine. 
^Vhcn  however  this  substance  is  ityected  several  times,  the  serunt,  as 
is  the  rule  for  the  formed  elements  and  quite  a  series  of  fluid  *ab- 
f^tAooe»,  iMxpiires  a  much  more  pronounced  activity.  Tlie  gélatine,  [Uô] 
without  giving  any  precipitate,  is  simply  dissolved  and  will  no  longer 
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solidify  when  it  is  cooled.  The  ferment  of  the  serum  that  pro<luce8 
this  eèêct  resemblet^  the  precipitins  iu  that  it  withstand»  tiie  uctiuu  of 
a  temperature  of  56°  C.  and  is  only  destroyed  beyond  60'  C.  Like  the 
trypsins  it  acts  in  a  weakly  alkaline,  neutral,  or  weiikly  acid  medium  ;, 
but  digestion  takes  place  best  in  a  slightly  alkaline  medium. 

The  question  of  es^tecial  interest  to  us  is  that  of  the  origin  of  this  | 
ferment  which  digests  gelatine.  If  several  c.c.  of  a  10  7o  solution  of 
this  substance  be  injected  into  the  peritoneal  cavity  of  a  laboratory 
animal,  there  is  provoked  with  certainty,  within  a  few  hours,  a  marked 
leucocytosis  of  the  peritoneal  fluid.  A  considerable  afflux  of  leuco- 
cytes, amongst  whicli  the  microphages  are  even  more  numerous  than 
the  macrophages,  takes  place.  When  to  a  hanging  drop  of  such  an] 
exudation  a  trace  of  Ehrlich  s  neutral  red  solution  is  added,  there 
appears  almost  at  once  an  intense  coloration  of  the  numerous  droplet* 
inside  the  two  kinds  of  leucjjcytes.  It  is,  therefore,  manifest  that  the 
gelatine  excites  a  powerful  positive  chemiotaxis  of  the  mobile  phago- 
cytes and  that  it  is  absorbed  by  these  cells.  This  experiment  demon- 
strates that  the  phagocytes  can  not  only  ingest  solid  bodies,  such  a*! 
the  various  formed  elements,  coloured  gninules,  etc.,  but  that  they  are 
also  capable  of  absorbing  fluid  substances  introduced  into  the  tissues 
or  cavities  of  the  organism. 

The  data  brought  forward  by  Delezenne  demonstrate  very  clearly 
the  part  played  by  the  mobile  phagocytes  in  the  digestion  of  gelatine. 
He  obtained  his  best  résulta  iu  the  dog.    Wc  know  that  it  is  easy  in] 
this  animal  to  provoke  an  aseptic  exudation,  very  rich  in  leucocytes. 
This  exudation  when  deprived  of  its  scrum  and  washed  with  physio- 
logical salt  solution  gives  a  solution  which  exerts  a  feeble  digestive 
action  on  gelatine.    If  the  exudation  be  produced  in  a  dog  that  has 
previously  received  several  injections  of  this  substance,  we  obtain 
leucocytes  whose  extract,  obtained  by  the  same  nietliod,  will  digest ^ 
gelatine  much  more  actively.    The  digestive  power  of  the  leucocytes 
of  the  treated  dog  is  sometimes  five  times  greater  than  that  of  the 
leucocytes  of  the  normal  dog.    Here,  then,  we  undoubtedly  have  au  j 
acquired  digestive  power  which  reveals  a  gi-eat  reinforcement  of  the  j 
phagocytic  activity. 
£116]       In  the  preptired  dogs  the  leucocytes  have  a  much  greater  digestive] 
action  on  gelatine  than  has  the  blood  serum  of  tlie  same  animals,  ai 
fact  which  indicates  that  the  source  of  the  soluble  ferment  must  be' 
sought  f(jr  in   the    phagocytes    themselves.    Tlte   results   of   these 
researches  are  of  great  service  to  us  iu  the  study  of  immunity 
properly  so  ctiUed. 


For  gome  time  past  attempts  have  been  made  to  show  that  the 
M»lable  ferments,  diastases,  or  enzymes,  are  closely  allied  to  albu- 
minoid sul)stauce8.  Nencki  and  Mme  Sieber^  support  this  view  by 
their  recent  researches  on  the  chemical  composition  of  pejïsin.  In  all 
the  above  cases  there  is  this  in  common  between  the  two  categories  of 
substances,  their  absorption  by  the  organif^ni  is  followed  by  the  appear- 
unœ  in  the  blotxl  of  antagonistic  ferment».  Just  as  after  the  iryection 
of  milk,  white  of  egg,  serumg,  etc.  into  the  cavities  or  tissues,  9i)ecific 
prcci[)itins  are  produced,  so  the  injection  of  certain  enzymes  provokes 
the  formation  in  the  organism  of  antienzymes  or  antidiastases. 

It  has  been  known  for  some  time  that  the  blood  senim  of  many 
animals  prevents  the  action  of  certain  enzymes.  Thus  Rodcn  has 
«liowo  tlmt  normal  horse's  serum  retards  or  even  completely  i>revent8 
the  coagulation  .of  milk  by  rennet  It  has  often  l>een  observed,  too, 
that  nonnal  serums  hinder,  more  or  less,  the  digestion  of  iilbuininoids 
by  trypsin.  It  is  only  quite  recently,  however,  that  we  have  begun  to 
prepare  antienzymes  by  the  injection  into  animals  of  corresponding 
enzymes.  Thus,  Hildebrainl-  has  succeedetl  in  obtsiining  an  anti- 
eniulsin  in  the  serum  of  rabbits,  into  which  he  had  injected  several 
separate  doses  of  emulsiu.  Fermi  and  Pernossi^  have  prepared  an 
■ntitrypsin,  and  von  Duiigern*  has  obtained  an  antidisistase  against  the 
proteolytic  enzymes  of  some  bacteria.  But  of  all  the  antienzymes, 
the  one  that  has  been  best  studied  up  to  the  present  is  indisputably 
Riitirennet,  obUiined  in«lepei)deiitly  by  Morgenroth^  and  Hriot*'.  The 
former  of  these  investigators  treated  goats  with  increasing  quantities  [117] 
of  rennet  and  was  able  to  assure  himself,  by  con)pardtive  detailed 
nsMcarches,  of  the  appearance  and  increase  in  quantity  of  antirennet 
in  the  blood  scrum.  The  goat  which  gave  the  best  result  ceasing  to 
develop  antirennet  it  was  impossible  to  make  the  antirennet  potency 
go  beyond  a  certjiin  point. 

Briot  also  obtained  antirennet  in  rabbits  into  which  he  had  in- 
jecie<l  fluid  rennet  on  sevenil  «x-casions.  He  was  able  to  convince 
himself  tliat   the  antirennet  of  horse's  serum   is  a  non-dlalysable 

'  ZeiUchr.f.phytioi,  Chem.,  Strsssburg.  1901,  Bd.  SXXII,  8.  201. 
-  %'irchffWi  Architi,  Berlin,  1893,  Bd.  cxxxi,  S.  32. 
"  Ztittchr.  f.  Ihjg,,  Leipzig,  1894,  Bd.  xvin.  8.  83. 

*  MûncJien.  mr<L  Wehutchr.,  1898,  15  August. 

*  Ctntralbl.  /.  BakterioL  u.  Paratitmik.,  V*  AbL.  Jena,  1899.  Bd.  xxvi,  S.  349, 
«iiil  1900,  Bd.  xxvn,  ï^.  721. 

*  "Élude  sur  lu  présure  et  rantipréaure."    Sceaux,  1900,    {Thite  d.  l.  Faculté d. 
Se,  dé  Pari»,  no.  l  ) 
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substance  which  is  precipitated  by  alcohol  and  certain  salts.  Like  the 
precipitins  and  the  diastase  which  digests  gelutiue,  antirennet  resists 
a  temperature  of  55' — 50°  C.  ;  even  heating  to  58' C.  has  no  effect  ou 
the  antirennet  serum.  At  OO"  C,  however,  the  heat  begins  to  exert  an 
injurious  effect,  and  after  three  hours  at  62°  C.  the  serum  has  lost 
all  power  to  prevent  the  coagulation  of  the  casein  by  antirennet 
Morgenroth  and  Briot  both  state  that  the  antirennet  neutralises  the 
rennet  by  a  direct  action. 

The  cell  poisons,  or  cytotoxins,  of  animal  origin  which  were 
treated  in  the  preceding  chapter,  likewise  set  up  the  production  of 
special  anti-bodies,  or  auticy totoxins.  The  considenition  of  tliese  latter 
has  a  very  special  interest  for  those  who  study  the  «juestion  of  immunity 
from  a  general  point  of  view.  The  first  discovery  of  these  anticyto- 
toxins  wiLs  inaile  in  connection  with  the  study  of  the  toxic  power  of  the 
blood  tvcruia  of  eels,  Camus  and  Gley'  and,  independently  of  them, 
H.  Kossc'l-  demonstrated  tliat  animals  when  treated  with  increasing 
doses  of  eel's  serum  actjuire  an  antitoxic  property  which  protects 
their  corfmscles  against  the  hacmolytic  action  of  ichthyotoxin,  or  the 
toxic  substance  of  the  blood  of  eels.  Th.  Tchistovitch'*  has  not  only 
confirmed  this  discovery,  but  has  added  to  it  new  and  interesting  data. 

When  antituxic  serum  is  mixed  in  vitro  with  red  blood  corpuscles 
of  the  species  whicli  furnished  tiie  scrum  and  there  is  added  to  it 
some  hacmolytic  eel's  scrum,  it  will  be  found  that  the  red  corpuscles 
remain  (piite  imaltered.  In  the  control  tuln;»,  however,  in  which  the 
antitoxic  serum  is  rejdaced  by  normal  serum  of  the  same  species,  the 
red  coq)uscle8  are  very  readily  dissolved  under  the  toxic  influence  of 
[118]  the  eel's  senim.  In  animals  (mbbits)  that  are  treated  with  this  latter 
fluid,  there  is  established  not  only  an  antitoxic  power  of  the  blood, 
but  the  red  corpuscles  actjuire  a  resisting  power  more  or  less  pro- 
nounced against  tiic  ichthyotoxin  of  eels  serum.  When  the  red 
corpuscles  are  separated  from  the  scrum  of  rabbits  (treated  with  eel's 
serum)  and  some  ichthyotoxin  is  addud  to  them,  solution  very  often 
does  not  take  place  at  all.  According  to  the  experiments  of 
Tchistovitch  there  is  uo  direct  relation  between  this  acquired  re- 
sistance and  the  antitoxic  power  of  the  blood.  Sometimes  even  a 
kind  of  antagonism  is  observed  l>etwecn  the  two  properties  ;  that  is  to 
say,  the  red  corpuscles  of  a  rabbit  whose  senim  is  very  antitoxic  may 

'  Arch,  internal,  tic  Pharmacwlyn.,  Bnixollcs  et  Paris,  18^8,  t  ni  auU  iv. 

'  B<rLklin.  Wchntr/tr.,  1898,  B.  152. 

»  Ann.  eh  I'lnit-  Patteur,  Pari»,  1899,  c  xni,  p.  406. 


extremely  sensitive  to  the  ix>ison  of  the  eel,  whilst  the  converse 
may  also  hold  good  [cf.  infra,  p.  120]. 

The  toxic  action  of  the  eel's  serum  ujwu  the  red  corpuscles  of  a 
great  numl>er  of  Vertebrates  is  a  natural  property  whicli  demands  no 
previous  treatment  of  the  eel.  It  is  the  antitoxic  power,  directe<l 
aguinst  the  ichthyotoxin,  which  is  developed  only  as  a  result  of  the 
I>rej»aration  of  the  animals  by  the  adnnnii^tration  of  increasing  doses 
of  eels  serum.  Nevertheless  we  also  find  natural  antitoxins  present 
in  the  blood  of  man  or  animals  that  iiave  not  been  treated  and  wliich 
act  agiiinst  the  cell  poisons,  cytotoxins,  so  widely  distributed  in  the 
blood  of  a  lariçe  number  of  species  of  animals. 

Besredka'  has  demonstrated  that  the  blood  serum  of  Man  and 
many  Vertebrates  contains  a  substance  which  prevents  the  solution  of 
red  corpuscles  under  the  influence  of  blood  serums  of  a  cliffereut 
eifiecies.  To  reveal  the  presence  of  these  antitoxins  it  is  useful  to  hcjit 
tJie  senxms  to  56'  C.  an<l  then  to  add  to  them  red  corpuscles  of  the 
iiarac  species  and  some  haemolytic  serum  of  a  different  species. 
Under  these  conditions  the  solution  of  the  red  corpuscles  does  not 
take  place,  whilst  their  mixture  with  haemolytic  serum  alone,  in- 
evitably provokes  haemolysis. 

Along  with  these  natural  antihacmolysins  there  exist  a  number  of 
artificial  antihacmolysins  or  antihaemotoxins.  Jules  liordet"  was  the 
first  to  draw  attention  to  this  important  subject  lie  first  obtjiiued 
these  aiitihaemolysins  by  injecting  blood  serum  of  the  fowl,  which 
posse.ises  a  very  great  haemolytic  power  on  the  red  corpuscles  of  the 
rabbit,  into  intUviduals  of  this  latter  species.  After  some  injections,  [119] 
the  serum  of  these  treated  rabbits  was  found  to  be  antihaemotoxio 
against  the  fowl's  serum.  Later^,  Bordet  obtained  a  serum  against  an 
artificial  hacmotoxin.  The  serum  of  the  guinea-pig  is  innocuous  to  the 
red  c(»ri>uscles  of  the  rabbit.  But  when  rabbit's  blood  was  injected 
«everal  times  into  guinea-pigs  the  serum  of  the  latter  became  very 
solvent  for  the  red  corpuscles  of  the  nibbit.  To  prevent  this  action  it 
is  sufficient  to  inject  the  hacmotoxin  of  treated  guinea-jjigs  sevend 
times  into  rabbits.  The  serum  of  these  rabbits  becomes  antihaemo- 
toxic  and  iirtjtects  the  red  corpuscles  of  the  rabbit  against  the  solvent 
action  of  guinea-pig's  serum. 

In  the  normal  haemolytic  serums,  such  as  the  serums  of  the  eel  and 

*  Ann.  d«  VIntt.  Paêteur,  Paris,  1901,  t  xv,  p.  784 

*  rbid.  1899.  t-xiu,  p.  2M. 

*  Ibid.,  Turn,  làOO,  t  xrv,  p.  270. 
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fowl,  the  presence  of  two  substances  which  act  by  combining  couhl 
not  be  demonstrated.  On  the  other  hand,  in  the  serums  that  were 
obtained  as  a  result  of  the  treatment  of  animals  by  the  injection  of 
blood  from  a  different  species,  it  was  easy  to  detnonstrate,  as  we  have 
shown  in  the  preceding  chapter,  the  presence  of  two  constituent 
substances  which  are  :  the  macrocytase  (alexine,  complement)  and 
the  fixative  (amlxiceptor  of  Elirlich,  sensibilizing  substsmce  of  Bordet). 
For  this  reason  the  study  of  the  antihaemotoxins  obtained  against 
artificial  haemotoxins  is  endowed  with  special  interest.  As  the  solu- 
tion of  the  red  corpuscles,  in  this  case,  can  be  prevented  either  by  an 
antitoxic  action  directed  against  the  cytase,  or  by  a  neutralisation  of 
the  fixative  (for  the  concurrence  of  these  two  substances  is  indis- 
pensable in  order  that  the  solution  may  take  place),  Bordet  asked 
whether  the  antitoxic  serum,  obtained  by  him  in  rabbits,  is  antieytatic 
or  antifixative,  or  whether  it  contains  both  properties.  Before  re- 
solving this  problem  it  was  necessary  to  establish  some  of  the 
essential  characters  of  artificial  antihaemotoxic  serums.  The  principal 
one  amongst  them  is  the  rcsisUince  of  these  antihaemotoxins  to  a 
temperatJire  of  55 — 60"  C.  ;  even  when  heated  to  70'  C.  the  antihaemo- 
toxins retain,  at  least  in  part,  their  fundamental  property.  In  this 
respect  these  substances  differ  from  the  cytases  and  approach  the 
precipitins,  fixatives  and  agglutinins. 

The  very  exact  experiments  carried  out  by  Bordet  have  demon- 
strated that  in  the  serum  of  rabbits,  treated  with  the  specific 
[120]  haemotoxic  serum  of  guinea-pigs,  two  suhstjince»,  an  anticytase  and 
an  antifixative,  are  found  in  combination.  The  former  of  these 
antitoxins  is  found  in  abundance,  but  the  annmnt  of  antifixative  is 
very  small.  Bordet  was  led  to  this  result  in  the  following  way.  To 
prevent  the  solution  of  the  red  corpuscles  of  the  rabbit  in  the  haemo- 
toxic serum  of  the  guinea-pig,  it  was  necessj^ry  for  him  to  add  a 
considerable  dose  (10  to  20  times)  of  the  antitoxic  serum.  When, 
however,  ho  heated  the  latter  to  66°  C.  the  quantity  of  this  serum 
necessary  to  prevent  haemolysis  could  Ixj  reduced  very  considerably. 
In  place  of  its  being  necessary  to  add  to  the  haemotoxic  serum  10  or 
20  volumes  of  antitoxic  serum,  it  was  sufficient  to  add  three  or 
sometimes  only  two  volumes  of  this  heated  serum.  As  we  know 
already,  heating  to  55°  C.  destroys  the  macrocytase  which  should  be 
found  in  the  antitoxic  blood  of  the  rabbit  This  cytase  by  itself  is 
incapable  of  dissolving  the  red  corpuscles  of  the  same  Bjwcies  ;  but 
when  it  is  added  to  the  fixative  of  the  haemotoxic  serum  of  the 
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guinea-pig  tlie  macrocytaae  of  the  rabbit's  senim  dissolves  them  very 
readily.  Hence  the  coiichision  that  in  the  haemotoxic  serum  of  the 
guinea-pig  there  must  be  present  a  quantity  of  fixative  sufficient  to 
How  of  the  solution  of  the  red  corpuscles  by  the  macrocytase  of  the 
rabbitV  serum.  Tliis  antitoxic  serum,  therefore,  which  only  prevents 
the  haemolysis  on  the  condition  of  being  added  in  comparatively 
large  quantity,  contains  very  little  antifixative.  When,  by  heating 
this  scrum  to  55"  C  we  destroy  the  rabbit's  macrocytase,  the  mixture 
of  antitoxic  serum  of  the  rabbit  and  Iiaemotoxic  serum  of  the  guinea- 
pig,  which  ordinarily  dissolves  the  red  corpuscles  of  the  rabbit,  now 
leaves  them  intact.  The  reason  is  that  the  free  fixative  contained 
ill  this  mixture  docs  not  find  any  available  macrocytase  :  tliat  of  the 
rabbit  being  destroyed  by  the  lieating,  and  that  of  the  guinea-pig 
neutralised  by  the  antitoxic  scrum.  The  experiment  I  have  just 
described  proves  that  this  antitoxic  serum  contains  specific  anticytase. 
Tliis  anticytase  is  capable  of  neutralising  the  guinea-pig's  macrocytase, 
but  is  altogether  jiowerless  against  that  of  the  rabbit.  This  last  cir- 
cumstance allows  us  to  investigate  whether  the  antitoxic  serum  of 
the  rabbit  contains,  in  addition  to  anticytase,  a  specific  antifixative. 
liordet  prepared  a  mixture  of  antitoxic  senim  of  the  rabbit,  heated 
to  55"  C,  with  haeraotoxic  serum  of  the  guinea-pig,  also  heated  to 
55°  C.  In  this  mixture  the  two  macrocytases  (that  of  rabbit  and  that 
of  guinea-pig)  have  been  destroyed  by  heat,  but  the  antitoxins  of  the 
rabbit's  serum  and  the  fixative  of  the  haemotoxic  serum  have  re- 
mained intact  This  mixture  owing  to  its  want  of  macrocytases  was  [J2lJ 
incapable  of  dissolving  the  red  corpuscles  of  the  rabbit  By  adding 
to  it  some  fresh  unlieated  serum  from  a  normal  rabbit  the  rabbit's 
macrocytase  was  introduced.  As  the  latter  could  uot  be  neutralised 
l»y  the  anticytase  of  the  antitoxic  serum  and  was  incapable,  by  itself, 
of  dissolving  the  red  corpuscles  of  the  rabbit,  it  was  unable  to  prmluce 
haemolysis  except  on  the  condition  that  there  is  in  the  mixture  a 
«uflicicnt  quantity  of  unneutralised  free  specific  fixative.  As  a 
matter  of  fact,  the  red  corpuscles  of  the  rabbit  are  not  dissolved  in 
the  mixture  described  ;  this  proves  that  the  fixative  had  become 
inactive  in  consequence  of  the  pre-sence  of  an  antifixative  in  tlie 
antitoxic  serum  of  the  rabbit  I  need  not  enter  into  further  details 
of  Bordet's  experiments,  which  have  fidly  demonstrated  the  fact  that 
in  the  antitoxic  acnim  of  his  rabbits  there  were  really  two  antitoxins  ; 
an  anticytase  abuudant  in  quantity,  aud  au  antifixative  present  in 
n>uch  >>mitller  amount 
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Ehrlich  and  Morgenroth^  quite  independently  of  Bordet  have 
shown  that  an  antihaciuotoxic  serum  is  very  rich  in  anticytase.  After 
making  a  number  of  injections  of  normal  horse's  serum  (very  rich  in 
cytase)  into  a  goat,  they  obtained  in  the  blood  serum  of  the  latter  an 
anticytase  very  active  against  tbe  cytase  of  the  horse.  Tliis  antitoxic 
serum  of  the  gout,  as  might  be  anticipated,  contains  no  antifixativc, 
the  horse's  serum  that  served  for  the  injections  coming  from  normal 
horses  which  contiuned  no,  or  very  little,  fixative.  Even  in  another 
case,  where  these  investigators-  injected  a  dog  with  sheep's  serum 
very  rich  in  fixative  specific  for  the  red  corpuscles  of  the  dog,  they 
did  not  succeed  in  obtîtining  any  antifixative.  These  observations  iu 
no  way  diminish  the  value  of  the  discovery  of  the  antifixative  by 
Bordet,  though  they  demonstrate  that  this  antitoxin  cannot,  in 
certiiin  cases,  be  found  iu  the  serum.  Elirlich  and  jNIorgenroth  them- 
selves throw  out,  iu  this  connection,  the  suggestion  tliat  in  these 
cases  the  antifixative  remains  linked  to  tlie  cell  which  produces  it, 
without  being  thrown  off  into  the  blood. 

The  very  precise  data  that  we  have  just  summarisetl  do  not  seem 
to  agree  with  the  statements  of  certain  other  investigators.  Thus 
[122]  Schiitze^  from  his  researches  on  the  antiliaemotoxic  serum  of  guinea- 
pigs,  directed  against  the  rabbit's  hacmotoxin,  ha.s  arrived  at  tho 
conclusion  that  in  the  former  an  antifixative  only  is  prod\ice<l.  As 
he  merely  injected  into  his  guinea-pigs  haemotoxic  rabbit's  serum 
that  had  been  heated  to  60"  C.  and  consequently  deprived  of  the 
raacrocytase,  he  concluded  that  in  this  serum  there  remained  only 
the  specific  fixative  capable  of  provoking  the  formation  of  an  anti- 
toxin. This  must  consequently  be  an  antifixative.  Paul  MuUer^came 
to  a  similar  conclusion,  after  injecting  rabbits  with  the  heated  hae- 
motoxic seram  of  fowls.  These  injections  caused  the  formation  in  the 
rabbit's  serum  of  an  antitoxin  that  Millier  regarded  as  au  antifixative. 

Ehrlich  and  Morgenroth*'  objected  to  this  interpretation,  taking' 
their  sUmd  on  experiments  made  witli  the  serums  of  normal  animals. 
They  were  able  to  show  that  tlicse  serums,  when  injected  in  the  fresh 
state  or  after  being  heated  to  60°  C,  caused  the  production  of  a  corre- 
sponding antihaeaiotoxin  which  is  notliing  but  an  anticytase.    When 

'  Berl.  kliii.    U'chtiu/n:.   1900,  8.    6S4.     Ehrlich,   "CroonSau    Lecture,"   Proc. 
Hoy.  Scic.  Limdon,  1900,  Vol.  Lxvi.  p.  424. 
«  Ber/.  klin.  VVchntchr.,  1901,  8.  570. 
*  DtvLttche  med.  Wchnachr.,  Leipzig,  1900,  8.  431. 

«  CtntralU.f.  BakXerinl.  u.  ParajnUnk.,  V"  Abt.,  Jena,  1901,  lid  xxix,  8.  175. 
«  Berl.  /dill.  Wclni$chr.,  1901,  S.  251. 
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SchlitJte  and  Paul  Miiller  concluded  that  by  heating  the  serums  they 
had  entirely  deprived  them  of  cytase  elements  they  did  not  take  into 
Bcoouut  the  jHiSsibility  of  the  cytascs  being  transformed,  under  the 
influence  of  heat,  into  other  Iwdies  unable  to  produce  haemolysis,  but 
quite  capable  of  provoking  the  formation  of  antieyt;»sc.s.  EhrJich  and 
Morgenrfitli  give  to  these  nevr  boiliea,  derived  from  cytases  under 
the  influence  of  temj>eratures  between  5.5' — 60'  C,  the  name  of 
compkuunUnih  ;  and  these coraplementoids appear  in  the  experiments 
of  «Schiitze  and  Miiller  to  have  caused  the  producti(»n  of  antitoxins— 
aoticytaseB. 

Ill  îUl  the  investigjitions  just  summarised  the  anticy tases  have  been 
obtained  by  the  injection  into  animals  of  various  blood  serums,  fresh  or 
heated.  Wassennann'  has  discovered  another  method  of  arriving  at 
the  same  result.  He  injected  into  guinea-pigs  the  leucocytes  of 
rabbits,  carefully  depriveil  of  all  traces  of  serum.  After  some  time 
the  blood  serum  of  guinea-pigs  thus  treated  became  weakly  but 
distinctly  anticytjitic.  From  this  experiment  Wasscrmatm  draws  the 
conclunion  that,  as  has  been  often  affirmed  by  several  observers, 
the  leucocytes  really  contain  cytases. 

How  do  the  anticytases  act  upon  the  cj'tases  ?  On  this  i>oint  all  [123] 
observer»  who  have  studied  this  question  have  but  one  answer,  the 
action  of  the  anticytaaes  is  direct.  Bordct  thinks  that  the  two  sub- 
MUiiiccs  combine  so  intimately  that  they  cannot  be  again  sepai'ated  by 
heat.  We  know  that  the  cytases  are  very  sensitive  to  heut  and  that 
their  haeraolytic  property  is  destroyed  at  55°  C.  The  anticytases,  on 
the  other  band,  as  already  noted,  are  much  more  resistant  to  the  action 
of  heat.  Boniet  has  prepared  mixtures  of  haemolytic  cytase  serum 
and  of  antihaemolytic  serum,  neutral  mixtures,  that  is  to  say,  inactive 
for  re<l  corpuscles  or  with  a  very  feeble  action  upon  red  corpuscleë 
that  have  been  seusibilised  by  the  specific  fixative.  These  mixtures  no 
longer  exhibit  antihaemotoxic  projierties  or  they  exercise  this  power 
in  a  very  feeble  degi-ee.  If  in  these  mixtures  the  cytases  remain 
tiocombined  alongside  the  anticytases,  it  is  to  lie  exi>ected  that  heat- 
ing them  to  55"  C.  will  restore  the  antihaemotoxic  function  of  the 
anticytases;  the  cytases  being  destroyed  at  55* C.  there  will  remain 
in  the  mixtures  only  active  anticytase.  The  exiieriments  made  on 
ihiti  |ioiut  have  demonstrated  that  the  beating  of  these  mixtures  does 
not  restore  the  antihaemotoxic  action,  that  is  to  sity,  the  anticytase  is 
definitely  combined  with  the  cytitne. 
,  «  ZUchr.f.  Hyj..  Leipzig,  1»01,  Bd.  xxxyu,  8.  190. 
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Ehrlich  and  Morgcnroth  have  satisfied  themselves  that  their  anti- 
haemotoxin  exerts  no  influence,  either  upon  the  red  corpuscles  or 
upon  the  fixative,  and  is  only  capable  of  preventing  the  action  of  the 
cytase.  They  introduced  red  corpuscles  of  the  rabbit  into  a  mixture 
of  goat's  Berum,  heated  to  66°  C.  and  thus  only  retjiining  its  fixative, 
and  anticytase  eerum.  The  fluid  bathing  the  red  corpuscles  was  then 
removed  by  centrifugalisation  and  the  corpuscles  were  mixed  with 
normal  haemolytic  horse's  serum.  Solution  of  the  red  corpuscles 
took  place  at  once  as  the  anticytase  had  been  completely  removed 
during  centrifugalisation,  being  combined  vnûi  neither  the  red 
corpuscles  nor  the  fixative. 

These  investigators  have  obtained  various  anticytasea  by  injecting 
Berum  of  various  species  of  animals  into  other  mammals.  They  ob- 
served, however,  that  injections  of  the  serum  of  an  allied  species  did 
not  bring  about  the  formation  of  anticytase».  Thus  the  injection  of 
goat's  serum  into  sheep,  or  of  that  of  sheep  into  goats,  never  produced 
anticytase  scrum. 

In  addition  to  antihaemotoxie  serums  several  other  analogous 
[124]  auticytotoxic  serums  have  now  been  obtained.  Thus  Delezenne  has 
prepared  serums  which  prevent  the  action  of  neurotoxin  and  of  the 
cell  poison  which  destroys  the  liver  cells.  We*  have  been  able  to 
obtain  a  rabbit's  serum  which  prevents  the  spermatozoa  of  thi;*  rodent 
being  rendered  motionless  by  the  specific  spermotoxin  of  the  guinea- 
pig.  More  recently  MetalnikoflP-,  working  in  my  laboratory,  has 
prepared  another  antispermotoxic  serum  which  prevents  the  spjecific 
spermotoxin  of  the  rabbit  from  arresting  the  movement  of  the 
guinea-pig's  spermatozoa. 

As  the  history  of  these  antispermotoxins  presents  certain  interest- 
ing general  features  we  may  with  advantage,  perhaps,  dwell  on  some 
of  their  chanicters.  The  two  antispermotoxins  mentioned  above  are 
distinguished  by  certain  peculiarities.  When  Metalnikoff  set  to  work 
to  inject  rabbit's  spermotoxin  into  guinea-pigs,  he  thought  that  he  had 
an  easy  task  before  him  and  that  after  a  few  injections  the  guinea- 
pig's  serum  would  become  antispermotoxic.  This,  however,  was  not 
the  case.  The  serum  from  these  animals  when  mixed  with  spennotoxiu 
aenun  was  powerless  to  prevent  the  immobilisation  of  the  spenuatozoa 
of  the  guinea-pig.  It  was  only  when  he  heated  the  serum  of  his  treated 
guinea-pigs  to  56°  C.  that  the  antispermotoxic  power  appeai'ed  with 

'  Anti.  d«  I'lntL  Paaleur,  Paris,  1900,  t.  xiv,  p,  5. 
*  Jbid.,  p.  5(*3. 


the  greatest  distiuctueâ».  The  iuefficacy  of  the  uiilieated  serum  must 
therefore  depend  on  tlie  toxic  action  of  the  giiiuca-pig's  macrocytase, 
because  it  iâ  this  substance  alone  that  can  liave  been  destroyed  by  the 
heating  process.  Xow,  iu  order  that  this  luacrucytase  may  act,  the 
presence  of  the  fixative  is  necessary,  wliich  lea<ls  us  to  the  conclusion 
tbat  the  serum  of  the  guinea-pigs  ixyected  by  Metaluikotf  contained 
no  antifi-xative,  Tliis  hypothesis  was  fiilly  confirmed  by  experiment. 
Met4Uuikofi' introiluced  a  drop  of  guinea-pig's  serum  into  a  mixture  of 
auUsiM.'rmotoxic  serum,  heated  to  5(3°  0,  with  spei'motoxic  senmi. 
The  spermatozoa  continued  their  movements  in  normal  fiishion.  But 
when  afterwards  lie  added  a  few  drofjs  of  unheated  serum  fi"om  a 
itomial  guinea-pig  the  motions  of  the  «iteniiiitozoa  were  arrested 
almost  ini^tantaneously.  Consequently  tlicre  was  present  in  the  mix- 
ture rabbit's  macrocytase  which  had  been  neutralised  by  the  auticytjise 
of  the  prepai-e<l  guinea-i>ig's  serum  and  fur  that  reason  the  spermatozoa 
remained  motile.  But  in  the  same  mixture  we  had  also  the  specific  [1251 
fixative,  coming  from  the  rabbit  s  spermotoxic  serum,  which  remained 
free  and  not  neutralised.  The  motile  sjiemiatozoa  had  become  im- 
pregUHted  with  this  fixative  and  a  little  guinea-pig's  macrocytase 
(against  wldch  the  anticytase  was  powerless;  was  sufficient  to  make 
them  suddenly  cease  their  movements. 

There  is  no  doubt,  then,  tiiat  the  serum  of  guinea-pigs  that  have 
been  treated  with  spermotoxin  contains  anticytase  oidy  and  no, 
or  almost  no,  antifi.\ative.  Such  is  not  the  uise  with  the  antispemio- 
toxin  obtained  by  us  in  rabbits  that  were  treated  with  spermotoxic 
toxin  of  guinea-pigs.  Several  consecutive  injections  were  sutficient  to 
render  the  scrum  of  the  rabbits  so  tretited  capable  of  preventing  the 
action  of  the  spermotoxic  serum  of  the  guinea-pig  on  the  motility  of 
the  rabbit's  spermatozoa.  In  the  mixture  of  anti»permoto.\ic  serum 
and  spermotoxic  serum  these  si>ermatozoa  continue  to  move  for  a 
considcrabie  time,  whilst  in  the  control  mixture  prepared  with  normal 
rabbit's  serum  and  spermotoxic  serum  they  become  motionless  at  the 
cod  of  a  few  minutes.  To  obUiin  this  uuirkcd  effect  it  was  not 
necessar}'  to  heat  the  antis|K;rmotuxic  serum  as  in  Metaluikofi's  case. 
ludeed  1  have  iK'rformcd  almost  all  my  experiments  with  fresh  serums, 
unlieated.  As  the  rabbit's  serum  contains  macrocytiise  capable  of 
rendering  the  spermatozoa,  sensibilised  by  the  fixative,  motionless 
and  as  this  macrocytase  cannot  be  neutralised  by  the  anticytase  that 
b  active  against  the  guinea-pig's  macrocytase,  the  fact  I  have  just 
pointed  out  indicates  that  the  antispermotoxic  serum  of  my  rabbits 
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contains  antifixative.  The  difference  bet^veen  the  antispi-rinotoiic 
serum  obtained  by  MetalnikofF  and  that  prepared  by  lue  is  similar 
to  that  observed  between  the  antihaemotoxic  serums.  Some  contain 
only  anticytitse  but  others  undoubtedly  contain  .intifixative  also. 

As  this  result  appeared  to  nie  to  be  of  far-reaching  iniiwrtance  I 
felt  bound  to  verify  it  by  aiiotlier  method.  I  injected  certain  rabbits 
with  spermotoxic  serum  of  the  guinea-pig  and  others  with  normal 
guinea-pig's  serum.  The  amount  of  cytases  being  about  the  same  in 
both,  the  strength  of  the  serums  obtained  as  the  re;^ult  of  injections 
of  normal  serum  and  of  specific  serum  should  be  the  same  if  the 
antispermotoxic  serums  contain  anticytase  oidy.  Experiment  demon- 
strates just  the  contrary.  The  antisi)erraotoxic  seinim  of  rabbits 
treated  witii  normal  guinea-pig's  serum  was  on  every  occasion  much 
[126]  less  itetive  than  the  scnmi  of  nibbits  injected  with  the  spermotoxic 
serum  of  preiwred  guinea-pigs.  Tlie  former  contains  anticytase  only, 
whilst  the  latter  contains  iu  addition  antifixative.  Weichhardt's' 
experiments  carried  out  in  my  laboratory  coiToborated  the  con- 
clusion I  have  just  formulated. 

Having  made  ourselves  acquainted  with  the  constitution  of  the 
auticytotoxins  we  may  now  pass  to  the  question  of  the  origin  of  these 
bodies  and  of  analogous  ferments  which  act  in  the  resorption  of 
albuminoid  substances  in  the  blood  and  in  tlie  tissues. 

We  have  already  mentioned  that  the  leucocytes  are  charged  with 
a  soluble  ferment  which  tligests  gelatine,  and  that  in  animals  treated 
witli  injections  of  gelatine  these  cells  elaborate  u  nmcli  larger  amount 
of  the  ferment.  Here  we  have  evidence  uf  a  kind  of  education  of  tlie 
leucocytes  to  produce  a  greater  amount  of  digestive  ferment,  iu  a 
manner  quite  analogous  to  that  which  has  been  described  iu  Chapter 
III  in  connection  with  the  augmentation  of  the  p)ancreatic  ferments 
in  intestinal  digestion.  It  is,  then,  tpiite  permissible  to  look  upon 
leucocytes,  and  probably  phagocytes  in  general,  as  the  source  of  the 
soluble  ferment  that  digests  gelatine. 

Is  this  the  c:ise  with  the  other  substances  which  take  an  active 
part  iu  the  resorption  of  albuminoid  substances  in  the  fluids  and 
tissues  of  the  organism  ?  Up  to  the  present  the  origin  of  precipitins 
and  antiferments,  such  aa  antirennet,  has  not  been  studied.  The 
pmblem  being  very  complex  and  difficult,  it  appears  to  be  impossible 
at  present  to  solve  it.  It  is  known  indeed  that  the  introduction  of 
these  substances  into  the  organism  provokes  a  reaction  similar  to  the 
*  Ann.  de  Unit.  Patieur,  Paris,  19«1,  t.  iv,  p.  «33. 
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one  we  have  described  in  the  ciise  of  the  injection  of  gelatine  into  the 
peritoneal  cavity  of  guinea-piiirs.  Thus  Morgenroth^  observed  that  in 
hiB  goats  the  subcutaneous  injection  of  sterile  rennet  caused  the 
fonnatioD  of  extensive  infiltration  at  the  seat  of  inoculation,  this 
being  accompanied  by  fever  ;  we  are  justified  in  concludinj,'  from  this 
thai  rennet  provokes  a  marked  leucocytic  reaction.  Hildebramlt"  tias 
detnonstrateti  by  direct  experiment  that  retuiet,  when  enclosed  in 
capillary  glass  tubes  and  introduced  below  the  skin  of  rabbits,  induces 
a  marked  pf)sitive  chcniiotaxis.  Tliis  led  to  tlie  formation  of  a  leuco- 
cytic plug  several  niillimetrcs  long.  Now  we  know  from  Briot  that  [1-7] 
the  rabbit  19  capable  of  producing  antirennet.  Hildebrandt  has  further 
filiown  that  several  other  diastases,  or  hydrolytic  ferments,  such  as 
racmse  and  emulsin,  give  rise  to  a  similar  chemiotactic  phenomenon. 
The  leuctxîvtic  reaction  is  consequently  a  general  phenomenon  following 
the  intnxluction  into  the  tissues  of  substances  of  complex  chemical 
compfjsition  capable  of  provoking  the  formation  of  antibodies.  We 
are  tempted  from  this  fact  to  accept  it  as  a  law  that  the  leucocytes  are 
ca{iuble  of  producing  these  latter  substances.  Although  this  hypo- 
thesis may  be  very  probable,  the  number  of  facts  at  our  disposal  is  not 
yet  sufficient  to  justify  the  statement  that  its  truth  is  demonstrated. 

Since  it  is  the  re<l  corpuscles  whicli  are  affecte»!  by  the  haeniotoxiim 
it  might  be  asked  whether  it  may  not  ho  that  these  elements  defend 
themselves  by  the  production  of  autihtieraotoxins  the  overplus  of 
which  is  thrown  into  the  blood  an«i  fluids  in  general  ?  The  researches 
that  have  Ijcen  made  on  this  point  relate  esjiecially  to  the  antihaemo- 
toxin  of  the  blood  senim  of  rabbits  in  relation  to  the  ichtliyotoxin  of 
eel's  scrnm. 

We  must  therefore  examine  the  collected  evidence  bearing  on 
anticytotoxins  and  analogous  bodies  antl  emleavour  to  form  some  i<lea 
as  to  their  probaV)le  origin.  A  large  accumulation  of  exact  data  bear- 
ing on  the  antihaemotoxins  docs  not  atford  us  sufficient  information  as 
to  the  source  of  these  substances. 

Let  us  first  examine  the  question,  is  it  possible  to  attribute  to  the 
red  corpuscles  the  function  of  producing  the  antihaemotoxins?  If 
these  elements  are  really  the  source  of  the  antihaemotoxins  it  is 
probjible  that  the  red  corpuscles  of  animals  whose  senim  is  anti- 
baemotoxic  will  exhibit  marked  resistance  to  the  toxins  ;  thu8  we 
know   that  the   white  corpuscles  wliicl»   protluce   gelatinîL'*c  «ligest 

•  CêfUraibl.f.  Bnkteriol.  u.  ParatiUnL.  1"  Abt..  Joua,  1899,  Bd.  XXTl,  S.  36i 
»  FirchowU  Archie,  Berlin,  18!>3,  Bd.  cxxxi,  8.  5. 
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gelatine  much  better  than  does  the  serum  of  the  same  animals.  From 
the  experiments  of  Tchistovitch  (/.  c.  sttpra  p.  110)  on  rabbits  that 
have  been  imnmniged  against  eel's  ichthyotoxin,  it  must  be  accepted 
that  the  re<l  corpuscles  of  these  animals  are  often  very  gensitive  to 
the  action  of  the  poison  at  a  i>eriod  when  the  blood  senun  of  the 
same  r.ibbits  exhibits  a  marked  antihueiuotoxic  power.  It  is  not 
until  later  in  the  process  of  immunisation,  when  the  serum  loses  a 
great  part  of  this  power,  that  the  red  cori)uscles  become  resistant  to 
the  ichtliyotoxim 

But  before  we  abandon  the  hypothesis  of  the  production  of  anti- 
haemotoxins  by  the  red  corpuscles  we  must  see  if  it  cannot  be 
reconcileil  with  the  facts,  by  the  application  of  Ehrlich's  side-chain 
[128]  theory\  This  theory  was  evolved  with  the  object  of  explaining  the 
production  of  antitoxins  and  their  action  on  bacterial  and  vegetable 
toxins.  Later,  Elirlich  lias  extended  it  to  the  cytotoxina,  anticyto- 
toxins  and  Iwictericidal  substances. 

According  to  Ehrlich  the  complex  molecule  of  albuminoid  sub- 
stances coutiiius,  besides  the  central  stable  nucleus,  a  number  of 
side-chains,  or  "receptors,"  wliicli  fulfil  various  accessory  functions 
and  serve  especially  for  the  nutrition  of  the  cell.  These  receptors 
have  a  great  affinity  for  the  various  substances  necessary  for  the  main- 
tenance of  the  life  of  the  cell.  Under  normal  conditions  these  receptora 
seize  nutritive  molecules,  as  a  leaf  of  Dionaca  seizes  the  fly  that 
serves  it  as  ïo<n\.  Under  special  conditions  these  receptors  lay  hold 
of  complex  molecules  of  albuniinuid  substances,  such  as  the  various 
toxins.  In  this  «ise  the  receptor,  instead  of  combining  with  a  molecule 
which  supports  life,  fixes  a  molecule  which  i>oisons  the  cell.  Accord- 
ing to  Ehrlich's  tiieory  on  the  constitution  of  toxins  their  molecules 
contctin  an  atomic  group  which  poisons — the  toxophon-,  and  another 
group  which  combines  with  the  receptor— the  haptophore.  The  toxic 
group  of  a  complex  poison,  such  as  ichthyotoxin,  cannot  penetrate  into 
a  red  corpuscle  except  by  the  help  of  the  haptophore  group  and  of  the 
correspomliiig  receptor.  When  a  red  corpuscle  has  absorl)e«l  a  large 
number  of  molecules  of  ichthyotoxin,  the  united  action  of  the  toxo- 
phore  groups  rendei"s  life  itnjiossible  and  the  coipuscle  is  dissolved. 
But  when  a  red  corpuscle  has  been  touched  by  only  a  few  toxic 
molecules,  too  few  to  compromise  life,  there  is  merely  immobilisation 

1  Klin.  Jahrh.,  Jena,  1 H97,  Bd.  vi,  S.  299  ;  " Croonian  Lecture,"  Proc.  Roy.  S<>c.  Lvn- 
don,  1900,  Vol. Lxvi,  p. 424.  Elirlicli, LaiHius  ii. Tiiaun,  " Leukuemie, eta" in  Nothnagel's 
Speeielle  Pat/4ol<jffie  u.  Thérapie,  Wien,  190J,  Bd.  viii,  Schlussbetrachtungen,  S.  163. 
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of  the  receptors  which  are  combined  with  the  haptophore  pfroups  of 
the  ichthyotoxiu.    A«  these  receptors  fulfil  an  important  function  in 
tlie  nutrition  of  the  red  corpuscles,  the  latter  reproduce  tlieni  in  larger 
ttiimbers  than  were  oris^inuUy  present    We  know  that  in  the  pheno- 
mena of  repair  an  over-production  of  the  new-formed  parts  often 
taket»  place  and,  acconling  to  Ehrlich,  to  this  orer-productiou  the  pre- 
eeuce  of  antitoxins  in  the  fluids  of  the  body  i«  due.    The  i-cceptors, 
develo|>ed  in  excess  by  the  red  corpuscles,  fill  these  cells,  and  no 
longer  finding  room  therein  are  extruded  from  them  and  overflow 
into  the  blood  and  other  flidds  of  the  orgjuiism.     When  a  fresh  injec-  [•29] 
tîou  of  toxin  makes  its  way  to  tiie  bloml  it  there  meets  wth  a  number 
of  free  receptors,  endowed  with  an  affinity  for  the  haptophore  group 
of  the  molecule  of  the  toxic  substance.    The  chemical  combination 
between  the  two  substances  takes  place  at  once  in  the  plasmas,  a  fact 
which  |>reveut8  the  haptophore  group  of  the  toxin  from  uniting  with 
the  reit-ptor  of  the  red  corpuscles  and  so  injuring  these  cells  by  in- 
troducing the  toxophore  group  into  them.    According  to  this  theory 
the  HUiie  receptors  which,  in  the  free  state  in  the  fluids,  fulfil  the 
antitoxic  function  beeunie  in  the  interior  of  the  red  corj)uscle8  the 
vehicles  of  intoxication  and  consequently  fulfil  a  philotoxic  function. 
This  opposite  rôle  of  the  receptors  has  often  been  comi>ared  to  a 
lightaing-conductor;  so   long  jis  the   receptors  are  attached  to  the 
molecule  of  the  living  protoplasm  they  attnict  the  toxin  just  as  a 
UghtDhig-conductor  attract^  the  lightning  when  it  is  badly  insulated. 
So  interpreted,  it  is  easy  to  conceive  that  the  red  coqiuscles  of 
aniinals  whose  fluids  are  antihaemotoxlc  may  be  sensitive  to  the 
toxic  action  of  eel's  serum,  as  has  beçn  observed  by  Tchistovitch.    As 
aoon  as  the  protective  fluids  have  been  removed  from  the  red  cor- 
pvacles  of  the  immunised  organism,  the  coqiuscles  when  placetl  in 
oontect  with  ichthyot<;»xin  (ceVa  serum;  attract  the  haptophore  groups 
of  the  ixiison  by  means  of  their  numerous  receptors.    These  hapto- 
pbores  in  their  tura  introduce  the  toxophore  groups  which  dissolve 
the  red  corpuscles  without  the  slightest  <litr>culty.    This  theory  does 
not  explain  the  cases,  which  are  immerous,  in  which  the  red  corpuscles 
of  rabbits  that  are  vaccinate<l  agsiiust  eels  poison  resist  this  ixiison. 
Camu»,  Gley,  and  Kossel,  working  indeiK'ndently,  have  arrived  at  the 
rMult  that  the  red  corpuscles  of  immunised  rabbits,  from  which  the 
nrnni  has  been  carefully  removed,  are  not  dissolved  when  submitted 
to  the  action  of  ichthyotoxin,  whilst  the  red  corpuscles  of  untreated 
reblrits  placed  under  the  same  conditions,  undergo  a  rapid  solution. 
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Tchistoritch  confirming  this  fact  has  added  to  it  the  observation  that 
the  resistance  of  the  red  corpuscles  of  the  rabbit  is  most  often  found 
when  the  senui  loses  its  antitoxic  power.  If  the  receptors  of  the 
red  corpuscles  of  immunised  rabbits,  owing  to  their  great  affinity 
for  the  haptophore  group  of  the  ichtbyotoxin  molecule,  only  attract 
the  toxophore  group  of  this  poison,  as  the  lightning-conductor  when 
badly  insulated  attracts  the  lightning,  the  red  corpuscles  should 
[130]  never  manifest  resistance.  To  explain  this  contradiction  we  must  not 
suppose  that  the  red  blood  corpuscles  which  have  become  resistant 
have  got  rid  of  their  receptors.  In  fact,  if  these  receptors  are  so 
necessary  to  the  nutrition  of  the  cell  that  their  absence  has  set  up 
this  extraordinary  over-production  which  has  inundated  the  fluids,  it 
is  evident  that  one  cannot  admit  the  existence  of  red  corpuscles 
entirely  deprived  of  corresponding  receptors. 

When  examined  from  diffierent  points  of  view  the  hypothesis  of 
the  production  of  antihaemotoxin  by  the  red  corpuscles  is  surrounded 
with  very  great  difficulties.  It  appears  to  be  probable,  therefore,  that 
the  source  of  this  antitoxin  must  be  sought  for  in  other  cell  elements, 
and  we  may  be  allowed  to  recall  to  mind  those  ceUs  which  manifest  a 
general  and  local  reaction  of  the  most  constant  kind  after  each  in- 
jection of  ichtbyotoxin.  Tchistovitch  has  observed  that  eel's  serum 
when  introduced  into  rabbits  in  non-fatal  but  immunising  doses 
excites  a  marked  hyperleucocytosis. 

The  question  of  the  origin  of  anticytotoxins  being  so  complicated, 
it  has  been  necessary  for  its  elucidation  to  seek  an  experimental 
method  of  excluding  the  organ  in  which  the  antibody  is  supposed  to 
have  its  origin.  As  we  cannot  think  of  eliminating  the  red  or  white 
corpuscles,  nor  the  greater  part  of  the  tissues  and  organs,  there 
remains  only  one  way  of  bringing  about  this  result  It  is  the  sup- 
pression of  the  male  genital  organs.  We  know  already  that  the 
injection  of  semen  readily  excites  the  production  of  a  spermotoxin, 
and  that  this  spermotoxin  gives  rise  to  the  development  of  a  cor- 
responding antispermotoxin.  If  it  is  the  spermatozoa,  that  is  to  say 
the  elements  having  a  particular  affinity  for  the  spermotoxin,  which 
elaborate  the  antitoxin  we  must  conclude  that  castrated  males  would 
be  incapable  of  producing  it.  With  this  in  view  we  have  carried  out  a 
great  number  of  experiments  which  have  amply  proved  to  us  that  male 
rabbits  when  deprived  of  their  sexual  organs  are  fully  as  capable  of 
developing  antispermotoxin  in  their  fluids  as  are  control  rabbita 
in  which  the  male  genital  apparatus  remains  intact    Doe-rabbits, 
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and  young,  sexually  immature  rabbits  of  both  sexes,  also  react  to 
injections  of  spermotoxin  by  producing  the  corresponding  antispermo- 
toxin.  The  specific  elements  which  are  sensitive  to  the  action  of  a 
cytotoxin  undoubtedly  are  not  indispensable  for  the  development  of 
the  corresponding  anticytotoxin.  This  result  is  in  complete  harmony 
with  the  hypothesis  above  put  forward,  that  the  red  corpuscles  cannot  [I3i] 
be  regarded  as  the  source  of  the  antihaemotoxin.  In  the  case  of  anti- 
spermotoxin  this  fact  can  be  rigorously  established  by  experiment 

Here  arises  the  following  question.  We  have  seen  that  the  anti- 
cytotoxins  are  composed  of  two  different  substances  :  an  anticytase 
and  an  antifixatlve.  The  former  is  an  antitoxin  capable  of  neutralising 
macrocytase,  the  soluble  ferment  which  will  attack  indifferently  all 
kinds  of  cell  elements.  It  is  not  to  be  wondered  at,  then,  that  the 
exclusion  of  the  spermatozoa  in  no  way  prevents  the  production  of 
anticytase  by  an  organism  which  receives  iiyections  of  cytotoxins. 
These  latter,  as  we  have  alr^idy  said,  contain  cytase  along  with  the 
specific  fixative  ;  the  macrocytase  can  attack  any  kind  of  animal  cell 
provided  that  it  can  find  some  fixative  or  any  other  means  to  penetrate 
into  the  interior  of  these  formed  elements.  We  have  seen  that  the 
antispermotoxin,  obtained  by  Metalnikoff  in  guinea-pigs,  does  not 
contain  any  anticytase.  Amongst  his  animals  treated  with  spermo- 
toxin was  a  castrated  male  guinea-pig  which  also  produced  anticytase. 
There  is  nothing  astonishing  in  this  fact,  the  injected  cytase  must  have 
linked  itself  to  many  other  cells  which  were  able  to  develop  anticytase. 

But  the  example  of  the  antispermotoxin  of  the  rabbits  in  my  own 
experiments  is  very  different.  In  order  that  it  might  manifest  its  action 
the  serum  of  these  rabbits  did  not  need  to  be  heated  to  56°  C.  ;  it  was 
not  necessary  to  rid  it  of  its  own  macrocytase  which  could  have  acted 
under  the  influence  of  the  fixative,  if  this  latter  for  want  of  antifixa- 
tive  had  remained  free  in  the  added  spermotoxin.  This  antifixatlve, 
then,  is  undoubtedly  found  in  the  serum  of  castrated  males  which  have 
shown  themselves  capable  of  producing  not  only  anticytase,  but  also 
antifixatlve.  This  result  has  been  further  verified  by  comparative 
experiments  on  castrated  male  rabbits,  some  of  which  received 
spermotoxic  guinea-pig's  serum  whilst  the  others  received  only 
normal  guinea-pig's  serum.  It  has  been  demonstrated  that  the 
amount  of  cytases  remains  almost  constant  in  both  normal  and 
vaccinated  animals  \     If,  then,  the  antispermotoxins  contain  only 

*  Bordet,  Ann.  de  VIntt.  Pcuteur,  Paris,  1895,  t.  ix,  p.  499;  von  Dungern, 
Miinchen.  med.  Wehntehr.,  1900,  8.  678. 


[I32]atitic}'ta8e,  the  injection  of  specific  guinea-pig's  serum  and  that  of 
normal  guinea-pig'a  serum  should  produce  tiie  same  result,  that  is 
to  say  the  serums  of  castrated  rabbits,  wlien  treated  by  these  two 
kinds  of  çuineu-pig's  serum,  should  cxidbit  the  «ime  antisi>ermotoxic 
power.  ExjHîriments  have,  liowever,  proved  that  this  is  not  the  case. 
Tlie  serum  of  castrated  rabbits  that  have  been  injected  several  times 
with  normal  giUnea-pig's  serum  becomes  distinctly  autispcnuotoxic, 
but  its  jMjwer  to  protect  the  spermatozoa  of  the  rabbit  against 
being  deprive<l  of  miHility  by  the  gtdnea-pig's  spermotoxin  is  greatly 
inferior  to  tliat  which  is  developed  in  the  serum  of  otlier  castrated 
rabbits  that  I  injected  with  spennotoxic  guinea-pig's  scrum.  Of 
course  all  the  other  conditions  of  the  experiment  were  the  same 
for  the  two  groups  of  rabbit». 

Several  series  of  fact;*,  then,  focus  to  this  fiiudamentîd  point,  that 
the  organism  of  an  animal  that  has  been  deprived  of  its  male  sexual 
organs  is  in  a  condition  to  pi-oduce  antispermofixative.  Ag-ainst  the 
argument  that  we  have  drawn  from  the  fact  that  the  antispermotoxic 
serum  of  castrateil  rabbits  that  have  been  treated  with  spermotoxic 
serum  acts  without  being  heated,  might  be  cited  certidn  expérimenta 
maile  by  Ehrlicli  andMorgenrotli.  The  antisiwrinotoxic  action  in  this 
case,  as  alreatly  stilted,  demonstnites  that  the  serum  of  prepared 
rabbits  contains  antitixative.  Otherwise,  had  the  fixative  not  been 
neutralised,  it  would  have  allowed  the  macrocytase  of  the  rabbit's 
scnmi  to  arrest  the  movements  of  the  spermatozoa.  Now  the  two 
alxive-uamed  olwervers  have  demonstrated'  that  the  injection  of 
different  serums  into  animals  is  capable  of  exciting  in  their  blood  the 
development  of  anticytases.  The  macrocytase  of  ciistrated  rabbits 
which,  l)eforo  treatment  with  the  spennotoxin,  was  capable  of  arresting 
the  movements  of  r.d)l)it8'  8|>ertnatozoa  acted  ujKtn  by  a  fixative, 
might  become  inert  after  the  injections  of  spermotoxic  serum  of 
guinea-pigs.  To  clear  up  this  point  1  asked  M.  Weichardt-,  who  has 
earned  out  work  on  this  subject  in  my  laboratory,  to  try  by  means 
of  unheated  seniras  of  nonnal  animals,  to  restore  tlie  activity  of 
si)erniotoxin  that  had  been  mixed  with  antisixTmotoxic  serum.  Sper- 
nuitoxoa  of  nd)bit5  were  put  into  a  definite  mixture  of  spennotoxic 
gidnea-pig's  serum,  lieatcd  to  56^  C,  and  antisi)ermotoxic  serum,  also 
heateil  to  ôO  C,  obUdned  from  castrated  rabbits  that  had  been  treated 
with  spermotoxin.    The  spermatozoa  remained  ver}  active  in  this 

'  Bfrl.  Uiu.  lVchn$chr.,  1901,  S.  255. 

*  Ann.d»  F/hmI.  PatUur,  Puris,  1901,  t  XT,  |k  SSai 
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mixture  whicli  contains  specific  fixative  (in  the  spermotnxic  jjninea- ['33] 
ptg'H  serum)  and  auti8i)eriiiotoxiii.  To  this  mixture  is  added  a  little 
iHinnal  rabbit's  or  horse's  serum,  unheated.  These  serums  contain 
c^'tases  and  would  be  quite  capable  of  arresting  the  movements  of  the 
«•permatoicoa  if  there  was  found  in  the  mixture  any  free  fixative  that 
woold  eimble  the  nmcrocytase  to  be  linked  to  the  spermatozoii.  Under 
tltcmr  contlitions  the  si»ermatozoa  remain  motile  for  a  long  time.  The 
fixative,  then,  was  no  longer  active  ;  it  was  neutralised  by  the  anti- 
fixative  of  the  aiitisperraotoxic  senmi  of  castrated  rabbit».  A  control 
experiment  was  made  with  the  same  substances  ;  but  the  castrated 
rnbbitfi'  serum  that  had  been  treated  with  s|KMniotoxic  scruni  was 
replaced  by  the  serum  of  other  castrated  rabbits  treated  with  normal 
guinea-pig's  serum.  In  these  latter  mixtures  the  spermatozoa  became 
motionless  at  the  end  of  a  very  short  time  ;  the  fixative,  not  being 
iK-ittnilised,  readily  allowed  the  rabbit's  aud  boree's  cytases  to  ati'ect 
the  ttpermatozoa. 

It  follows  from  all  this  that  the  antispermotoxic  serum  of  castrated 
ttwlc  rabbits,  wlien  treated  with  normal  guinea-pig's  serum,  contains 
anttcytase  only  ;  whilst  the  senmi  of  castrated  male  rabbits,  treated 
vrith  specific  and  spermotoxic  guinea-pig's  serum,  contains  anticytase 
aiid  antifixative.  The  latter,  then,  ha-s  bceu  produced  indei)eadeutly 
of  the  sensitive  elements, — the  8|>ermatozoa. 

Having  established  the  fact  that  antispermotoxin  does  not  come 
from  the  male  organs,  it  was  necessary  to  try  to  ascertain  its  true 
fiourcc.  With  this  object  in  view  we  injected  spermotoxic  serum  into 
young  rabbits  (quite  cai>able  of  producing  antispermotoxin)  and  tried 
to  follow  the  fate  of  the  spermotoxin  in  the  organism.  When  spermo- 
Uixic  guinea-pig's  serum  is  injecteil  into  the  peritoneal  cavity  of  the 
rabbit  a  notable  amount  of  spermotoxin  is  found  in  the  thickened 
portion  of  the  omentum  made  up  of  lymphoitl  tissue.  But  the  greater 
{Kirtion  of  the  poinott  pas)<es  into  the  circulation  whence  it  goes  to  fix 
iUelf  in  various  orgjins,  cspt't-ially  the  spleen.  At  the  moment  when 
tlie  «iRTmoliixin  is  found  in  the  blood  a  certiiii»  quantity  of  this  Huid 
wa.«t  drawn  off  into  tubes  containing  some  drops  of  extract  of  leeches' 
headif.  .\fter  the  blood  thus  treated  had  becu  centrifugalised  the 
pinxnut  waa  decanted  and  its  iM)wer  of  arresting  the  movements  of 
«ipennatozoa  was  compared  with  that  of  serum  of  the  same  blood 
preparetl  in  the  usual  way.  From  these  researches  it  résulta  that  the 
]ilasmu  is  always  richer  in  spermotoxin  than  is  the  corre>ii>onding[i34] 
M-niiu.   Sometimes  the  diflerence  iu  favour  of  the  plasma  is  very  great. 
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A  part  of  the  spermotoxiii  passes  into  the  kidneys  and  the  supra- 
renal capsules.  It  is  probable  that,  as  is  the  case  with  so  many  soluble 
poisons,  a  certain  proportion  of  the  spermotoxin  may  be  eliminated 
by  the  uropuietic  organs.  A  small  quantity  of  this  poison  is  found 
also  iu  the  male  and  female  sexual  glands  of  young  non-caetrated 
rabbits. 

Tiie  searclt  for  some  main  centre  of  origin  for  the  production  of 
antispermotoxin  has  as  yet  led  to  no  positive  residt.  The  power  of 
arresting  the  movements  of  spermntozoa  first  appears  in  tlie  blood 
plasma,  jiiul  it  is  tliis  same  fluid  whicli,  later,  is  more  antisperrnotoxic 
than  is  any  organ.  Amongst  the  tissues  which  fix  spennotoxin  the 
genital  organs  play  not  the  slightest  part  in  the  production  of  anti- 
Biwnnotoxiu.  The  experiments  with  cjistratcd  rttbhits  attbrd  sufficient 
proof  of  thi.s.  On  the  other  baud  it  becomes  more  htuI  more  probable 
that  the  phagocytic  system,  disseminated  in  many  org-ans,  and  especially 
the  leucocytes,  furnish  the  antisperrnotoxic  substance.  The  fixation 
of  the  spermotoxin  by  the  leucocytes  of  the  blood,  such  as  the  cells  of 
the  omentum  and  of  the  spleen,  already  offers  us  a  vaUiable  indication. 
The  absence  of  any  particular  organ  that  might  have  the  monopoly  of 
fixing  the  spermotoxin  and  wliich  should  later  be  found  charged  witli 
a  predominant  amount  of  antispermotoxin  also  speaks  in  favour  of  the 
phagocytic  origin  of  tliis  antitoxin. 

After  a  single  intraperitoneal  injection  of  spermo toxic  guinea-pig's 
serum  into  young  rabbits,  the  blood  of  the  latter  is  distinctly  spermo- 
toxic  for  several  days;  later  it  becomes  indifferent,  but  eight  or  ten 
days  after  the  commencement  of  the  experiment  the  blood  begins  to 
exhibit  an  antisperrnotoxic  irawer.  In  these  cases  the  plasma  shows 
itself  more  active  than  the  serum.  When  tlie  rabbits  are  killed  at  this 
stage  of  commencing  antitoxic  protluction,  it  is  found  that  an  extract 
of  the  organs  is  not  antisperrnotoxic  or  only  feebly  so.  In  all  cases  this 
power,  when  it  exists,  is  more  feeble  than  that  of  the  blood  fluid.  The 
results  obtained  with  extracts  of  organs  are  not  constant  Sometimes 
the  spleen  possesses  more  antitoxic  activity,  whilst  the  liver,  thymus, 
omentum,  lymphatic  glands  and  genital  glands  exhibit  none  of  this 
property.  In  otlier  cases  the  survival  of  the  spermatozoa  that  are 
[135]  influenced  by  the  spermotoxin  lias  been  longest  in  the  extnict  of  the 
suprarenal  capsules.  Sometimes  the  extract  of  the  omentiun  exliibits 
the  greatest  antisi>ennotoxic  ]iower.  This  great  variability  in  the 
development  of  the  property  of  protecting  the  spermatozoa  accords 
well  with  the  idea  that  the  elements  which  produce  antisperaiotoxin 
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are  wandering  cells  which,  under  diverse  influences,  may  be  localised 
in  very  diverse  points  of  the  organism. 

We  must  not  deceive  ourselves.  The  fects  which  have  been 
collected  up  to  the  present  do  not  allow  us  as  yet  to  form  a  final 
opinion  on  the  origin  of  anticytotoxins,  but  we  are  quite  justified  in 
r^arding  as  very  probable  the  hypothesis  that  the  phagocytes  play  a 
most  important  psol  in  the  process.  It  is  in  all  cases  beyond  doubt 
that  the  amoeboid  cells  which  resorb  the  formed  elements  play  a  very 
important  part  in  the  resorption  of  fluids  of  very  complex  molecular 
composition. 
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CHAPTER  VI 


NATURAL  IMMUNITY  AGAINST  PATHOGENIC 
MICRO-ORGANISMS 

Natural  immunity  and  the  composition  of  the  body  fluids. — Cultiration  of  the 
bacteria  of  influenza  and  pleuro-pneumonia  in  tlie  fluids  of  refractory  animals. — 
Resistance  of  Daphniae  to  the  Biastoraycetes. — Examples  of  natural  immunity 
in  Insects  and  Mollusca. — Immunity  of  Fishes  against  the  antlirax  bacillus. — 
Immunity  of  frogs  against  anthrax,  Ernst's  bacilltu;,  the  bacillus  of  mouse 
«epticaomia  and  the  cholera  Tibrio. — Natural  immunity  in  the  cayman. — 
Immunity  of  the  fowl  and  pigeon  against  anthrax  and  human  tuberculosis. — 
Immunity  of  the  ûog  and  rat  against  the  anthrax  bacillus. — Immunity  of 
Mammals  against  anthrax  raccines. — Immunity  of  the  guinea-pig  against 
spirilla,  vibrios,  and  streptococci. — Natural  immunity  against  anaerobic  bacilli. 
— Fate  of  BlastomyucteH  and  Trypanofomae  iu  the  refractory  organism. 

In  the  tliird  chapter  reference  has  been  made  to  the  frequency  of 
cases  of  natural  immunity  against  infective  diseases.  Examples  of  this 
immunity  occur  in  the  lower  animals — the  Invertebrata — and  are 
widely  met  witli  among  the  Vertebrata.  We  have  already  mentioned 
that  this  natural  immunity  can  be  attribiited  neither  to  insuscepti- 
bility to  microbial  toxins  nor  to  the  elimination  of  the  micro- 
organisms by  the  excretory  channels.  Nevertheless  the  pathogenic 
agents  which  have  penetrated  into  the  tissues  of  the  refnictory 
oi-gauism  disappear,  without  being  eliminated.  To  facilitate  the 
study  of  their  disappearance  it  has  been  necessary  to  pass  in  review 
the  phenomena  that  follow  the  introduction  of  foreign  bodies  into 
the  organism  and  to  present  a  brief  analysis  of  the  process  of  re- 
sorption of  cell  elements  in  its  relations  to  digestion.  We  have  tried 
to  demonstrate  that  resorption  is  nothing  more  than  a  process  of 
digestion  which,  instead  of  going  on  in  the  intestinal  canal,  takes  place 
in  the  tissues  ;  that  it  is,  indeed,  an  intracellular  digestion  exactly 
comparable  to  that  which  serves  for  the  nutrition  of  certain  of  the 
lower  animals. 
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A  knowledge  of  all  these  fiicts  is  necessary  before  we  can  deal 
witb  the  subject  to  which  the  present  chapter  must  be  devoted — 
the  innate  natural  immunity  of  animals  and  man  against  pathogenic  [137] 
mkro-orgauisms.  As,  under  natural  conditions,  it  is  the  micro- 
organism and  not  its  toxic  products  which  invades  the  organism,  it 
i»  clear  that  we  must  give  the  first  place  to  the  study  of  inuuuriity 
against  the  micro-organism.  The  more  so  because  this  form  of  im- 
munity is  much  more  frequently  met  with  than  is  an  insusceptibility 
U>  toxins. 

Since  the  animal  organism  has  a  very  variable  composition  it 
tnigfit  be  concluded  that  the  micro-organisms  find  in  the  refractory 
Hpecics  simply  a  chemical  niedium  in  which  they  cannot  live.  We 
cannot  go  far  in  the  discussion  of  this  supposition  without  seeing  that 
it  may  be  rejected.  Among  tiie  patliogenic  micro-organisms  some  are 
distinguished  by  a  great  fastidiousness  and  sensitiveness  as  regards 
the  medium  in  which  they  are  placed.  Such,  for  example,  are  the 
parasites  of  malaria  and  their  allies.  They  live  inside  the  red  blood 
cori>uscles  of  Vertebrata  and  ap|»ear  to  be  extremely  discriminating 
in  regai-d  to  their  requirements.  All  animals,  even  monkeys,  are 
refractory  to  human  malarial  fevers.  It  might  be  concluded  from 
this  that  here  at  least  the  immunity  may  be  due  to  the  fiict  that  the 
chemical  composition  of  the  contents  of  the  red  corpuscles  in  the 
immune  animals  is  different  from  that  of  the  red  corpxiscles  of  man. 
But  when  we  see,  as  was  first  demonstrated  by  Ross*,  that  the  malaria 
parasite  of  Laveran,  having  made  its  way  into  the  digestive  canal 
of  certain  mosquitos  (Ayiophela),  there  develops  abundantly,  it  is 
difficult  to  maintain  this  thesis. 

Among  other  micro-organisms  of  animal  origin  we  have  the  Try- 
panosoma, the  parasite  of  the  terrible  disease  propagated  by  the 
TMtec  fly  which  commits  such  ravages  amongst  manunals.  Man  alone 
escsipcs  it,  exhibiting  a  natural  immunity  that  nothing  apparently  can 
OTercomc.  Are  we  to  affirm  that  it  is  the  ditierence  in  the  chemicid 
composition  of  the  human  body  which  assures  to  man  his  immunity 
againsi  a  parasite  that  attacks  indifferently  an  herbivorous  animal, 
Boch  as  the  ox  or  rabbit,  or  a  carnivorous  aniiuiU,  such  as  the  dog  ? 
In  these  examples  I  have  chosen  merely  those  micro-orgiinisms  Avhich 
it  has  never  been  possible  to  cultivate  oh  any  artificial   nutrient 

Ï  JBril.  Med.  Joum.y  London,  1897,  n,  p.  1786;  1898,  i,  p.  550.    Ann.  de  I'lntt. 
Patttur,  Pari»,  IS1»0,  t.  xni.  p.  136. 
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medium  and  which  are  kept  alive  with  very  great  difficulty  outsido 
the  living  organism. 

Wliat  is  to  be  .said  then  of  the  vegetable  micro-organisms  which,  in 
[135]  tluH  respect,  are  much  less  exacting?  The  most  important  of  tlicso 
and  the  most  numerous  of  all  pathogenic  micro-organisms,  the 
lîiicteria,  eau  as  a  rule  be  cultivated  without  difficulty  not  only  iit 
the  blood  and  fluids  of  animals  that  are  susceptible  or  refractory 
to  their  morbific  action,  but  also  on  all  kinds  of  vegetables  and 
artificial  media  :  broths,  fluids  coniposed  of  mineral  salts  and  of 
certain  organic  substances.  It  is  really  "ot  possible  to  attribute  the 
natural  inmiunity  of  the  dog  and  the  fowl  ajj;aiiist  the  anthrax 
bacillus — so  fatal  to  a  great  number  of  ntanimals,  man  included,^ 
to  its  incapacity  to  feetl  on  the  fluids  of  these  animals,  when  we  see 
that  this  same  bacillus  is  capable  of  killing  lower  animals,  such  as 
the  cricket,  and  can  thrive  on  carrots,  potatoes  and  other  vegetables. 

Even  when,  among  the  liacteria,  we  take  those  that  are  most 
exacting  in  the  choice  of  ttieir  (VmhI,  we  still  find  it  impossible  to 
exphiin  natural  immunity  as  lx;ing  ihie  to  the  want  of  power  on  the 
part  ttf  these  organisms  to  obtain  their  nutriment  from  the  juices 
of  refractory  species.  The  batillus  discovered  by  R.  Pfeiffer^  in 
influenza  does  not  develop  on  nieilia  that  are  ordinarily  employed  in 
bacteriologj'  in  the  cultivation  of  a  great  numbcn-  of  niicro-organisrah. 
It  needs  a  siiecial  food,  which  is  prcjjared  for  it  by  spreading  a  drop 
of  fresh  blood  on  the  surface  of  agar.  Pfciffer  has  established  the 
fact — con  finned  by  many  ol>scrvei*s — that  the  best  species  of  blood 
to  use  for  this  purpose  is  tliat  of  the  pigeon.  We  should  have  to 
believe,  then,  did  the  immunity  really  tlcpend  on  the  compositiou 
of  the  fluids,  that  the  pigeon  is  tlie  least  refractory  of  all  imimals. 
Experiment  has  deni<«istratcd  the  erroueoustiess  of  such  a  8up{)osi- 
tioD  ;  the  pigeon  is  quite  as  refractory  to  FfeifTer's  bacillus  as  are 
most  other  species  of  animals. 

As  a  second  example  the  bacterium  of  bovine  pleuro-pneumonia 
may  be  cited.  It  is  the  smallest  of  all  known  bacteria.  The  diflS- 
culties  surrounding  the  discovery  and  identification  of  this  organism 
were  verj'  great,  and  the  ingenuity  of  Nocard  and  Roux  '  was  recjuired 
for  the  demonstration  of  its  existence.  Very  exacting  in  its  choice  of 
nutritive  material,  it  was  first  cultivated  in  the  fluids  of  the  rabbit, 
a  species  endowed  with  an  absuhite  immunity  against  bovine  pleuro- 

1  ZUchr.f.  Hyp^  Leipzig,  189;»,  Bd,  xni,  8.  357. 
*  Ann.  d«  riimt.  Pnnli-ur,  Paris,  1898,  t  xir,  p.  240. 
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X'tieumonia.     It  is  unneceseary  to  multiply   examples  to  ubtain  a 
îaemi  i>r(x>f  thut  uatural  immunity  agaiust  microoigatiisms  catiuut 

exphiiaed  by  the  incapacity  of  these  jMithogeuic  agents  to  live  in  [139] 
he  Huids  of  the  refractory  organism. 

We  nui:^t,  however,  a-scertaiu  what  takes  place  iu  resistant  animals 
;uUit<tl  with  micro  organisms.  Here,  iigain,  it  is  preferable  to 
begin  with  the  lower  animals  of  simple  organisation.  We  have  already 
aeea  that  examples  of  natural  immunity  are  not  rare  in  the  Inver- 
lebrata.  When  engaged  in  tlic  study  of  the  disease  found  in 
Ihijjftniat;  small  Crustacea  so  conmion  in  fresh  water,  I  was  able 
«  «how  that  the  special  Bliustomycetes  which  cause  it  meet  with 
vigorous  resistance  on  the  part  of  the  organism.  As  the  Daphniae 
\  email,  tmnsparent,  and  consequently  easily  observed  under  the 
scope,  I  was  able  without  difficulty  to  establish  the  main 
phenomena  observable  in  these  organisms.  I  can  be  the  more  brief 
In  describing  these  phenomena  of  resistance  as,  in  addition  to  de- 
roting  a  «iiecial  memoir  to  the  Daphnia  disease^  I  have,  iu  my 
\Jjeciun«  on  Inflammation  (pp.  97 — 103)*,  described  at  some  length 
jibe  retiction  of  their  organism  to  the  Monospora.  It  is  nevertheless 
lecessary  that  I  shcmld  recall,  very  briefly,  the  mechanism  by  which 
thei«c  rimall  crustaceans  secure  immunity. 

The  spores  of  the  parasite — very  delicate  and  rigid  needles — are 
swallowed  with  the  food.  By  means  of  their  sharp  points  they 
||)erfonite  the  intestine  and  penetrate  into  the  body  cavity,  full  of 
lood,  where  tliey  find  themselves  exposed  to  the  attacks  of  leuco- 
These  leucf Kbytes,  guided  by  their  tactile  sense,  gather  an)und 
le  foreign  body,  ingest  it  completely  and  destroy  it  It  is  remark- 
able that  the  siwre,  which  is  furnished  with  a  very  resistant 
membrane,  oitce  in  the  interior  of  the  mass  of  leucocytes,  undergoes 
modifications  which  afford  evidence  of  the  presence  in  these  cells 
lof  an  extraoiilinary  digestive  power.  The  surface  of  the  spore,  from 
[Leing  sm(X)th  and  regular,  becomes  pitted  and  sinuous,  the  spore 
lireaks  up  into  fragments  and  is  reduced  to  a  mass  of  débris  which, 
in  the  form  of  brown  granules,  remains  indefinitely  in  the  contents 
of  the  leucocytes.  From  this  it  is  evident  that  these  phagocytes 
must  prcxJuce  a  ferment  which  is  capable  of  digesting  the  cellulose 
or  analogous  subsUince  which  forms  the  membrane  of  the  spore. 
Unfortunately,   the  small  sisse  of  the  Dfip/oiiiw,  so  useful  for  the 

*  Virchoufi  Archie,  Berlin,  18»4,  Bd.  xcvt,  S.  177. 

*  [Kiiglittb  lnui»lution,  pp.  83 — 86.J 
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direct  observation  of  the  phenomena  of  immunity,  presents  an  insur- 
mountable obstiR'le  to  tlie  study  of  its  leucocyte  femients,  especially 
in  vitro. 
[140]  The  destruction  of  the  spores  of  the  parasite  by  the  leucocytes 
eecures  to  the  Daphnki  a  real  immunity.  Of  a  hundred  Daphmae 
taken  in  my  aquarium  and  carefully  examined  under  the  microscope, 
fourteen  only  were  found  to  be  infected  by  the  budding  conidia  of 
the  i)arasite,  whilst  fifty-nine  of  the  otliers  contained  the  remains  of 
spores  that  hud  been  dcstroye<l  by  the  phagocytes.  When  transferred 
to  jiure  water  containing:  no  new  source  of  contapioTi,  these  Daphniae 
tiourit*hed  and  lived  a  normal  life,  giving  birth  to  a  inmierous  progeny. 

The  immunity  of  the  Ifophuia,  due  to  the  intervention  of  ' 
phagocytes,  is  an  example  of  iiatui-al,  individual  immunity.  It  is 
not  the  specific  or  racial  possession  of  these  cnistacea,  for  when 
the  leucocytes  do  not  seize  the  spore,  at  once,  on  its  penetnition  into 
the  body  cavity,  it  commences  to  genninate  and  gives  rise  to  a  whole 
generation  of  budding  cells.  These  cells,  tlien,  secrete  a  poison  which 
not  only  repels  the  leucocytes,  but  kills  and  completely  dissolves 
them.  Under  these  conditions  the  Dajihuia  is  disarmed  ;  the 
parasites  grow  in  the  organism,  deprived  of  its  arm  of  defence,  as 
in  a  culture  tube,  and  the  animal  rapidly  succumbs. 

Since  I  first  observed  tliis  struggle  between  the  Daphnia  and  its 
parasite,  some  eigliteeu  years  ago,  no  other  example  has  been  found 
that  is  80  easily  observed  and  so  demonstrative  of  the  pmtective 
action  of  phagocytes  in  an  animal  that  can  be  kept  under  oliservation, 
alive,  under  the  microscope.  Cases,  however,  are  not  wanting  in  the 
Invertebrata  in  which  the  ditFerent  phases  of  this  straggle  may  be 
observetl  with  sufficient  accuracy  to  warrant  the  conclusion  that  in 
these  ciises  also  the  plienuinena  are  analogous  to  those  observed  in 
tlie  case  of  the  Daphniae. 

It  has  already  been  stated  in  Chapter  iii.  that  the  larvae  of  the 
rhinoceros  beetle  (Qti/ctes  iia^ieornis),  although  very  sensitive  to  the 
cholera  vibrio,  are  very  refractory  to  anthrax  and  diphtheria.  In 
order  that  we  may  obtain  some  idea  of  the  mechanism  of  this  im- 
munity let  us  inject  into  the  body  cavity  of  these  large  white  grubs 
a  trace  of  anthrax  culture.  In  the  blood,  drawn  off  the  following 
morning,  the  injected  bacilli  are  found,  not  in  the  plasma,  but  inside 
many  of  the  leucocytes.  Here  there  has  occuiTCfl,  as  in  the  Daphnia, 
an  ingestion  of  the  parasites  which  have  then  been  destroyed  by  the 
intracellular  digestion  of  phagocytes.    The  process  is  the  same,  then. 
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that  by  whicli  the  resorption  of  the  red  corpuscles  of  the  goose 
»kc8  place  when  they  are  injected  into  the  blood  of  cockchafer  larvae,  [ui] 
[n  both  cases  the  foreign  bodies  are  ingested  and  destroyed  by  the 
leucocytes  of  the  blood  ;  this  act  of  resorption,  however,  taking  a  very 
loQg  time. 

Although  the  leucocytes  of  the  larvae  of  the  rhinoceros  beetle 
exhibit  a  positive  chemiotaxis  for  the  bacillus,  tlienc  same  cells 
Iwhave  in  a  very  different  fashion  in  presence  of  the  cholera  vibrio. 
Very  small  quantities  of  this  vibrio,  when  injected  into  the  blood  of  the 
larvae,  give  them  a  fatal  disease  :  the  vibrios  excite  in  the  leucocytes 
a  negiitive  clieunotaxis  and  flourish  without  hindrance  iu  the  blood 
plasma.  The  larva  is  soon  trausfoniied  into  a  culture  vessel  and  tlie 
numerous  vibrios  that  develop  in  it  cause  the  dcjith  of  the  animal. 

The  diiference  in  action  of  the  two  bacteria  cannot  be  c\[)lained 
by  any  corresi)ondlng  diflerence  iu  their  mode  of  life  iu  the  blood. 
moved  from  the  organism  the  blood  plasma  of  the  white  larvae  of 
rhinoceros  beetle  is  a  culture  medium  just  as  favourable  to  the 
>wth  of  the  anthrax  bacillus  as  to  that  of  the  cholera  vibrio, 
kloroover,  the  former  of  these  micro-organisms  is  quite  capable  of 
jtting  up  a  fatid  disejise  in  other  representatives  of  the  class  of 
Insects.  Kovalevsky^  has  discovered  in  the  house  cricket  four  pliago- 
ic  organs,  with  a  great  apjwtite  for  all  kinds  of  foreign  particles 
hat  may  penetrate  into  it^  body.  The  blood  of  mammals,  when 
iiyecte<l  lielow  the  skin  of  the  cricket,  is  rapidly  absorbed  by  the 
Is  of  the  four  "spleens"  (for  so  Kovalevsky  designates  these 
jcytic  organs).  The  resorption  of  the  red  blood  corpuscles  goes 
^ivithin  these  phagocytes  o\ving  to  tlieir  power  of  intracellular 
igefrtiou.  When  Kovalevsky  kept  crickets  at  a  tem[)erature  of 
W — 23'  C.  and  injected  them  with  anthrax  bacilli  he  noted  that 
jcso  bacilli  tdso  were  ingested  by  the  cells  of  the  spleens.  There 
thus,  no  manifestation  of  negative  chemiotaxis  of  these  elements 
towanhi  tlie  bacillus.  Tlie  ingestion  of  the  bacilli  by  the  phagocytes 
was  not  sufficient,  however,  to  protect  the  animal.  The  bacilli  re- 
produced tliemsclves  rapidly  in  the  blotid  fluid  ;  the  intmcellular 
iLicunae  of  the  spleens  were  full  of  them  and  the  crickets  quickly 
leuccumbed  to  the  infection. 

Nevertheless  these  crickets  are  quite  capable  of  resisting  certain 
'other  bacteria.     Balbiani*  has  shown   that  they  are  refractory  to[U2] 

>  Bull.  Acad.  d.  #&  lié  St  Pétfrth.,  ISIM.  t.  xiii,  p.  437. 
•  Cowpt.  rtnd,  Acad.  d.  te.,  Paris,  18S«,  t  cm,  p.  952. 
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a  great  number  of  bacUli  belonginç:  to  the  groap  of  BacHXuê  avihtSis. 
He  observed  that  when  injected  into  the  body  of  the  cricket  these 
bacilli  are  devoured  and  destroyed  by  the  lencocytes  of  the  blood 
and  by  the  large  cells  of  the  pericardial  i\^\\Q  correspoitdins:  to  the 
olcmenU»  of  the  spleens  of  Kovalevsky.  Wliilst  the  cricket"»  and  other 
OrtJioptera,  which  are  rich  in  phagocytes,  exhibit  a  real  inimunity 
Hz:>in8t  tbe!*e  1>acilli,  insects  which  have  very  few  lencocytes  ench 
■AH  butterflies*.  flie«  and  Hymenoptera  are  found  to  be  much  mora 
suweptihle  to  infection  by  the  same  bacilli.  In  thi.s  case  the  direct 
relation  lietweeu  immunity  and  phajjocytosis  is  very  marketL 

Tlie  Mollusca  also  furnish  some  interesting  examples!  of  natural 
immunity.  Karlinsky'  lias  observed  that  anthrax  bacilli,  when  in- 
jected intf)  the  blood  of  slugs  and  snails,  soon  disappear  fi-om  their 
bodies  ;  these  pulmonate  GagterojKKls  are  absolutely  unaffected  by 
this  bacillus  so  formidable  for  many  species  of  animals.  From  the 
rapitlity  of  this  flisappearancc  of  the  bacilli  it  has  even  been  con- 
cludetl  that  it  was  imp«»ssihle  for  this  bacillus  to  live  in  the  fluids 
of  Mollusca.  Kovalevsky  (l.c,  p.  443)  has  studie<l  this  question  with 
the  carefulness  that  characterises  all  his  work.  lie  confirms  the 
fact  tliat  snails  {Helix  pomatUt)  resist  the  intro<Iuction  of  a  large 
fpiaiitity  of  anthrax  bacilli  into  their  Ixidies  ;  he  notes  also  that 
these  bacteria  disappear  from  the  blood.  But  he  finds  them  again 
in  the  tis.sues  of  the  foot,  and  especially  in  the  cells  which  surround 
the  pulmonary  vessels.  "The  greater  number  of  the  bacteria  are 
fouTid  in  the  cells  of  that  part  of  the  pulmonary  region  in  Hdix 
which  a<ljoins  the  heart  and  kidney.  All  the  biicteria  were  ingested 
by  the  cells  and  1  easily  succeeded  in  demonstrating  this  not  only  in 
sections  but  also  in  bulk  ''  (p.  444).  Tlie  snails  remained  iti  good 
health  in  spite  of  the  presence  in  their  phagocytes  of  numerous 
biicteria  which  maintained  themselves  there  for  some  time.  At  the 
end  of  ten  or  twelve  days  and  more  these  bacteria  still  presented 
their  \isual  aspect  ;  this  accords  well  with  the  slowness  with  which 
intracellular  digestion  goes  on  in  the  majority  of  the  Invertebnita. 
These  bacteria  wei-e,  however,  no  longer  living,  although  still  un- 
[M3]  dige»te<l.  Morsels  of  the  pulmonary  tissue  of  the  snails  that  were 
iujectetl  with  anthrax  bacilli  still  gave  cultures  48  hours  after  in- 
jection and  contained  bacilli  capable  of  giving  fatal  anthrax  to  mice. 
Later,  media  seedeil  with  similar  particle»  remained  sterile,  and  mice 
inoculated  therewith  continue<l  to  live.  From  these  experiments  it  may 

'  C'mlralUj:  Jiuklcriol.  u.  PariuU«nk.,  Jcuft,  1S»9,  lid,  V,  S.  5. 
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accepted  that  bacteria,  living  in  the  blood  plasma,  become  the 

y  of  phaerocytes  which   ren<ler  them   inoflensive  and  kill   them. 

ia  example  demonstrates  once  again  that  tlie  organism  geti»  rid  of 

tcria  bj  the  same  mechanism  as  that  which  serves  for  the  re- 

rption  of  any  of  the  formed  elements.    Tlie  snail  reivcts  to  bacteria 

it  does  to  the  rc«l  corpuscles  of  tlie  goose. 

It  is  unnecessary  to  insist  further  on  the  natural  immunity  of  the 
nvortcbrat;»,  and  it  is  useless  to  multiply  examples  which  always 
I>oiut  in  the  «imc  direction:  to  the  importance  of  phagocytic  reaction 
and  of  intracelhdar  digestion  in  resorption  and  immunity.  We  must 
paas  on  to  the  examination  of  the  reaction  phenomena  of  tlie 
Tcrtcbrate  organism  towards  pathogenic  micro-organisms,  following, 
hitlierto,  the  comparative  methotl.  We  will  commence  with  the 
y  of  the  natui-al  immunity  of  fishes  as  lower  representatives  of 
great  group  of  tlie  Vertebrata. 

It  is  well  known  that  fis^hes  are  liable  to  infective  diseases  and 
iculture  has  often  to  deplore  consi<lerable  losses  l)rought  about 
tiiueâ  by  certain  of  the  lower  Fungi  {e.g.  Saprnleyniae),  some- 
w»  by  Bacteria.  The  pathogenic  microbes  which  produce  epi- 
mics  in  finhc»  are  still  little  imderstootl  ;  but  among  the  bacteria 
hich  kill  many  of  the  higher  animals  are  some  which  cause  fatal 
laladies  in  certain  fislies.  Thus  the  anthrax  bacillus  so  vindent  for 
many  mammals  is  cajiable  also,  as  we  have  seen,  of  producing  an 
infection  in  the  cricket,  and  may  cause  the  ileath  of  small  marine 
088eou8  fishes,  the  Hippocampi.  Sabrazes  and  Colombot\  who  liave 
studied  this  question,  have  denionstrate<l  that  the  anthrax  bacillus, 
which  is  virulent  for  the  rabbit,  when  inoculated  into  these  fishes 
firKt  produces  swellings  at  the  seat  of  inoculation  and  ultimately 
becomes  generalised  throughout  the  body,  producing  a  fhtal  se])ti- 
caemiiL  As  these  experiments  have  given  tliis  result  at  a  température 
of  14' — 10°  C,  it  \B  quite  evident  that  the  bacillus,  in  order  to 
manifest  its  pathogenic  eflect.  in  no  way  needs  the  high  temperature  [U4] 
of  the  mummaliaik  body  for  its  action. 

Now  among  fishes  there  are  not  wanting  s^wcies  which  resist  the 
anthrax  biicillus.  Mesnil^  has,  in  our  laljonitory,  thoroughly  studied 
the  mechanism  of  this  immunity.  He  has  shown  that  several  fresh- 
water fishes,  e.g.  the  perch  (Perca  fiuviaiUie),  the  gudgeon  (Gobio 
JlwitUUi»),   and  the  gold-fish    {Caraj»ius  auraUui),  will  resist  an 

1  Ann.  d(  rintt.  Ptulfiir,  Pari»,  1894,  t  TiJt,  p.  Cse. 
*  Ann.  de  l'Inât.  PiuUur,  Van»,  ISOS,  t.  ix,  {>.  301. 
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injection  of  a  considerable  nuiiiber  of  bacilli  into  the  abdom^ 
Wbeii  kept  at  teniiieratures  of  15° — 20°  C.  or  even  23°  C,  a  tem- 
perature at  which  the  bacilli  are  able  to  develop  very  abundantly, 
these  fishes  dt-stroy  a  large  number  of  the  bacteria  in  their  bxiies. 
Soon  after  the  introiUiction  of  tlie  bacilli  iirto  the  ijeritoneal  cavity,  the 
numerous  leucocytes  accumulate  around  tliem  and  ingest  them  by  the 
same  mechanism  that  is  observed  in  the  Invertebrata  or  in  the  same 
fishes  when  absorbing  the  red  blood  corpuscles  of  alien  species.  In 
the  gudgeon,  at  as  early  as  six  and  a  half  hours,  a  very  marked,  nay, 
an  almost  complete  pliagocytosis  is  set  up. 

It  is  impossible  to  doubt  the  fundamental  fact  that  the  bacilli, 
at  the  moment  of  their  ingestion,  arc  iu  a  perfect  condition  of 
vitiility  ami  virulence.  The  fluid  of  the  peritoneal  exudation,  when 
withdrawn  from  the  animal,  is  of  itself  incapable  of  preventing  the 
development  of  the  antJirax  bacilli.  The  jjcritoneal  lymph  of  the 
above-mentioned  fishes  is,  in  vitro,  even  a  good  culture  medium  for 
these  bacilli. 

When,  long  after  the  completion  of  the  jjfiagocytosis  by  the 
leucocytes  of  the  peritoneal  exudation,  a  drop  of  the  exudation  is 
withdrawn  and  kc])t  fmtside  the  ortranisn>  under  suitable  conditions 
of  temperature  and  moisture,  a  number  of  the  ingested  bacilli  begin  to 
multiply  and  give  an  abundant  culture.  This  experiment  proves,  in- 
disj>ut«bly,  that  the  bacilli  are  «levourcd  iu  the  living  state.  If  a  little 
of  the  peritoneal  exudation,  withdrawn  several  (up  to  nine)  days  after 
the  injection  of  the  bacilli,  be  injcctcil  below  the  skin  of  guinea-piga 
these  animals  die  from  generalised  anthrax,  a  fact  which  demonstrates 
that  the  bacilli,  which  have  been  ingested  alive,  have  retained  their 
virulence  a  long  time  after  they  iiave  been  devoured  by  the  leuco- 
cytes. But,  if  the  peritoneal  exudations  that  have  been  witluirawn  at 
still  longer  periods  after  injection  be  examined,  it  is  found  that  they 
[145]  no  longer  contidn  bacilli  capable  of  developing  iu  culture  media  or 
of  setting  up  the  disease  in  tlie  most  susceptible  animal.  Hence  it 
follows  that  in  the  organism  of  the  refractory  fish,  the  bacteria  are 
not  destroyed  by  the  fluids  but  by  the  phagocytes,  which  take  a  long 
time  to  bring  about  tl>e  complete  intracellular  digestion  of  ingested 
microorganisms. 

The  phagocytes  which  assure  immunity  to  the  osseous  fishes  that 
were  studied  by  Mcsnil  belong  principally  to  the  group  of  haemo- 
macrophages.  These  are  leucocytes  with  abundant  protoplasm 
which  stain  readily  by  basic  aniline  dyes,  mononuclear  cells  w 
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Tiucleus,  however,  is  somctinieâ  divided  into  lobes.    It  id  to  be  noted 

t,liat  in  the  perch  these  are  the  sole  representatives  of  the  motile 

phagocytes,  and  that  in  this  fish  not  only  the  eosiuophilc  but  every 

other  variety  of  granular  leucocyte  is  completely  wanting.    In  tho 

gadgeoii,  in  addition  to  hacnioniacropliagcs,  some  niicrai)hage8  whose 

protophism  stains  faintly  with   acid  aniline  colours  are  met  with. 

These  facts  will  be  usefiU  to  us  when  we  come  to  study  the  part 

played  by  phagocytes  in  immunity  from  a  genenil  paint  of  view. 

Another  class  of  cold-blooded  animal,  the  Amphibia,  has  lieen 
much  more  frequently  stmlied  from  the  point  of  view  of  infection 
and  immunity.  The  frog,  an  animal  so  convenient  for  many  physio- 
logicid  and  pathological  researches,  has  l)een  nmch  employed  for 
the  study  of  immunity  against  patiiogeuic  micro-organisms.  Quite 
a  literature,  whicli  has  been  excellently  summarised  in  the  memoir  of 
Mi'.-nil  already  cited,  and  to  which  we  f*hall  have  occasion  to  return 
more  than  once,  has  been  accumulated  on  the  subject. 

The  immunity  of  frogs  against  the  anthrax  bacillus  was  early 
denionsU-iited  and  studied  in  llobert  Koch's  celebrated  memoir* 
on  anthrax.  This  observer,  after  injecting  an  emulsion  of  anthrax 
spleen  into  the  lymph  sac  of  the  frog,  recovered  the  bacilli  from 
the  interior  of  roimd  cells  which  burst  readily  when  transported 
into  water.  Koch,  accepting  the  view  then  generally  held,  thought 
that  the  bacilli  found  a  favourable  cultui'e  medium  in  the  contents 
of  ct^rtiiin  cells,  but  tliat,  in  spite  of  this,  the  frog  was  capable  of 
I  manifesting  a  real  imnuinity  agiiinst  anthrax.  Gibier-  made  the  [140] 
IntereHting  discovery  that  frogs  when  subjected  to  the  influence 
of  liigh  tempcratui'e  (about  .37"  C.)  lose  their  natunil  innnuuity  and 
readily  contract  fatal  anthrax. 

Since  that  time  the  mechanism  by  which  the  organism  of  the  frog 
secures  immunity  agiiinst  the  anthrax  bacillus  luis  repeatedly  l)cen 
gtudied.  In  a  memoir  which  appeared  in  1884^  I  insisted  that  tlie 
principal  part  played  in  this  immunity  belonged  to  the  plu-igocytes 
which  devour  the  injected  bacteria  and  subject  them  to  intra- 
cellular digestion.  The  round  cells  described  by  Koch  are  nothing 
but  the  leucocytes  of  the  lymph  sac  which  hare  seized  upon  the 
antlinix  bacilli.  Tliese  bacilli  instead  of  thriving  in  the  cell  contents 
find  there  a  very  unfavourable  medium,  and  perish  at  the  end  of 

*  Cohn'a  "Bcitrage  tur  Biolo^e  der  Pflonzen,"  Breslnu,  1876,  Bd.  u,  8.  300. 
»  Cont.pt.  trntl  Acnd.  il.  nc,  Taris,  18S2,  t.  loiv,  p.  1605. 
■  Firch'iw'i  AreMv,  Btrlin,  1864,  Bd.  xcvii,  8.  502. 
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a  longer  or  sliorter  period.  Wlien  the  activity  of  the  phagocytes' 
impeded  by  unfavourable  influences,  e.g.  high  temperature,  they' 
exhibit  a  very  feeble  reaction,  incapable  of  assuring  to  the  frog  that 
immunity  which,  under  normal  coixlitions,  it  ixj-sscsses.  Tlie  con- 
clusions I  have  just  sunim;irised  have  raised  very  lively  opposition 
from  a  large  number  of  obscrrcrs.  Riumgarten*,  with  his  pu])ils 
Petnischky-  and  Fahrcnholtz',  have  endeavoured  to  demonstrate  that 
phagocytosis  plays  no  part  in  immunity  and  that  the  frogs  resist 
anthrax  simply  because  the  bacilli  are  incapable  of  maintaining 
themselves  alive  in  the  fluids  of  this  Batrachian.  Xuttall*,  of 
Fliigge's  school,  also  maintained  tliat  frogs  resist  anthrax  owing  to 
the  bactericidal  power  of  their  fluids.  This  view  has  been  defended 
by  several  other  observers  and  appeared  for  some  time  to  become 
quite  dominant. 

Nevertheless,  it  is  possible  to  demonstrate  that  the  plasmas  ol 
the  frog  not  only  are  not  inimical  to  tlie  life  of  the  bacillus,  but 
serve  as  a  good  culture  medium  for  it*.     All  that  is  necessary  for  the , 
demonstration  of  this  fact  is  to  introduce  below  the  skin  of  fitigtl 
[147]  anthrax  spores  enclosed  in  a  sac  of  reed  pith,  or  simply  enveloped  in 
a  small  piece  of  filter-paiier.    The  plasma  of  the  lymph  sac  at  onco 
permeates  the  sjKjrcs  anrl  allows  tliem  to  germinate  and  produce 
quite  a  generation  of  bacilli.     But,  an  soon  as  the  leucocytes  pass 
through  the  pajjcr,  they  seize  upon  the  young  bacilli,  digest  them 
in  their  substance  and  prevent  tlieir  pathogenic  action.    The  germi- 
nation of  the  spores  may  take  place  even  where  they  have  been 
introduced  below  the  frog's  skin  without  being  protected  in  any  way 
whatever.    But,  under  these  conditions,  only  a  certiin  number  of  the 
spores  germinate,  the  majority  not  having  time  to  do  so  before  the 
arrival  of  the  leucocytes.    The  small,  very  short  bacilli  which  proceedj 
from  the  germinated  spores,  are,  along  with  the  8i>ores  that  hav« 
not  germinated,  soon  iivgcated  by  the  phagocytes.    But,  whilst  the 
rods  are  in  the  end  digested  within  these  cells,  the  ingested  sporeSj 
remain  intîict  for  a  very  long  time  :  they  do  not  germinate,  but  thej 
are  not  destroyed  and  retain  their  vitality  indefinitely,  in  spite  ol 

>  Cetitralhl.f.  1:1  in.  Mn!.,  Bimn,  18S8,  S.  516. 

'  "Untcrauch.  iiber  d.  ImmuniULt  d.  FroBclicB  gegCD  Milzbrand,"  Zieglers  .ff«7r. 
x.path.  Anat.,  Jcua,  18S8,  Bd.  iii,  S.  S.'i?. 

»  "Beitriige  z.  Kritik  der  MeUchnikoff'achen  Phagocjtenlehre,"  Inaug.  Bias., 
Konigaberg,  1880. 

♦  ZUchv.f.  Hyg.,  Leipzig.  1888,  Bd.  iv,  S.  353. 

»  Virehovft  Archie,  Berlin,  1888,  Bd.  cxiv,  j>.  «86. 
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th^  influcDce  of  the  pliagocyto».     It  is  siifficiont.  to  withdraw  from 
»    ^T)g,  tliat   has  been   inoculated  with   anthrax   spores  some   time 
iKrforc  and  kept  at  a  moderate  tenipeniture  (15^ — 25°  C),  a  little 
^Vtiiph  and  sow  it  in  anj-  nutrient   medium  (of  tliose  employed  in 
^Uc  culture  of  bacteria"),  in  order  to  see  the  spores  germinate  and 
\»rixl«ce  a  whole  generation  of  absolutely  normal  filamentous  bacilli. 
All  these  phenomena  have  been  carefully  studied  by  Trapeznikoff^ 
in  a  work  executed  in  my  laboratory.     It  is  obvious,  from  his  expéri- 
mentai that  the  phagocytes  of  the  frog  are  quite  capable  of  protecting 
the  orgitnism  against  the  anthrax  bacillus  bj*  ingesting  and  digesting 
tile  bacilli  in  the  vegetative  sUvte  and  by  preventing  the  germination 
of  the  ingested  spores.     This  phagocytic  action  is  very  important  in 
ftifs^njcfc  of  the  fact  that  the  plasmas  of  the  fiog  allow  the  spores  to 
germinate  and  the  bacilli  to  develop  and  produce  abundant  cultures. 

The  imnnmity  of  frogs  againwt  the  anthrax  bacillus  tliat  we  have 

jnat  described  and  which   is   guaranteed   by   the   activity  of  the 

phagocyte^  is  constant  under  the  conditions  of  temi)erature  above 

mentioned  (15° — 25°  C),   conditions  which   are  sufficient,  however, 

to  ensure  the  death  of  susceptible   cold-blooded  animals,  such  as 

^Ihc  cricket  or  Hippormnpns,  front  anthrax.     Tlie  edible  frog,  a 

Hllpedes  that  readily  accommodates  itself  to  a  temperature  of  35°  C'.,  [US] 

reaists,  even  under  these  conditions,  infection   by  the  bacillus,  as 

pointed  out  by  Mesnil  in  a  work  alrea<ly  cited  when  treating  of  the 

immuuity  of  fishes.     The  green  frog  {Rana  esculciita)  when  kept  for 

a  long  time  at  this  high  temperature,  so  suitable  for  the  development 

of  the  anthrax  bacillus,  reacts  by  the  same  phagocytic  mechanism. 

The  leucocytes  of  the  lym])li  and  blood,  the  cells  of  the  splenic  pulj) 

and  Kupffer's  stellate  cells  of  the  liver,  seize  the  introduced  bacilli 

and  <iigest  them  as  in  any  other  case  of  phagocytosis.    The  brown 

fipog  {Rfniu  kmporaria)  adapts  itself  but  slightly  and  with  great 

difficulty  to  the   high   temperature  and  dies  whether  it  has  been 

inondntcd  with  anthrax  or  not.    lender  these  ccmditions  the  bacteria 

develop  in  the  Ixxly  of  the  dead  or  tlying  frogs,  but  Mesnil  insists 

OD  tlic  fact  that  a  tnie  anthrax  infection  is  not  produced,  as  has 

been  maintained  by  Gibier  as  the  outcome  of  hi»  researches. 

Dieudonné-,  however,  has  found  a  method  of  removing  the 
natural  imnnmity  of  the  frog  against  the  anthra.x  bacillus,  by  inocu- 
lating it  with  an  artificial  liacterial  race  which   he  ha<l  adapted  to 

'  Ann.  lie  timl.  Piutfur.  Paris,  1891,  t  v.  p.  3«2. 

'  Arb.  a.d.L  Otnd/KmtiUe,  B«rliu,  1894,  fid.  ix,  S.  497. 
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develcjp  fairly  luxuriantly  at  the  low  temperature  of  12°C.  Under 
these  coiulitioiis  all  the  inoculated  frogs,  even  those  which  had 
resisted  the  inocutation  with  ordinary  bacteria  (grown  at  ST'o"  C), 
«lietl  witliin  a  peiiixl  of  4H  to  50  hours,  containing  many  bacilli  in 
the  blood  and  oigan.s,  IJicu*lonné  has  not  studied  the  essential 
mechanism  that  accompanies  this  loss  of  ininiunity;  but  it  is  very 
probable  that,  for  one  thing,  we  have  here  to  do  with  a  reinforcement, 
special  for  the  frog,  of  tlie  bacillus  that  has  become  accustomed 
to  develop  at  a  low  temperature.  This  bacillus  must  multiply,  in 
fi'ogs  that  liave  been  maintained  at  a  low  temperature,  nnich  more 
i'a]>i<lly  and  profusely  tliau  would  the  ordinary  bacillus.  On  the  other 
hand,  the  susceptibility  of  Diciidonné's  frogs  must  depend  on  a  less 
resistance  of  the  organism  under  the  conditions  of  iiis  experiments. 
Unfortunately,  we  cannot  liiid  in  his  memoir  .sufficient  data  on  these 
]toints;  he  docs  not  even  stiite  the  temperature  at  which  tlie  frogs 
that  had  been  inoculated  with  bacteria  adapted  to  cold  lived- 
Dieudonné  invokes  the  analogy  of  his  results  with  those  obtained 
LU9]  in  the  csisc  of  the  immunity  and  susceptibility  of  frogs  as  regards 
a  septicaemic  bacillus. 

Tliis  bacillus  {liifr/'lfif.t  j'ftniehfa)  has  been  made  the  subject  of 
an  interesting  study  by  Ernsts  It  is  a  small,  very  slencier  bacillus, 
whicli,  in  frogs,  produces  a  fatal  malady  epidemic  in  sjmng,  but 
ct'iLsing  conii>lcteIy  during  summer.  Taking  this  fact  as  a  basis, 
Erust  has  succec<k'd  in  conferring  immunity  upon  frogs  in  autumn 
by  placing  them  in  an  incubator  at  25°  C.  In  spite  of  the  injection 
of  a  con.^ideruble  dose  of  the  small  bacillus,  the  frogs  living  at  this 
tcmpeniture  remained  in  good  health,  whilst  control  animals  exposed 
to  a  low  temperature  died  of  scpticaemi.i.  The  counter-test  was 
made  in  summer.  Inoculated  frogs  that  were  kept  in  tiie  laboratory 
were  unaflected,  whilst  those  that  had  been  kejjt  in  a  refrigemtiug 
ap]>aratu8  at  G" — 10'  G  invariably  died.  It  may  be  asked,  Is  this 
evident  influence  of  temj»erature  on  iinnumity  and  receptivity  exer- 
cised ou  the  organism  of  the  frog  or  upon  the  pathogenic  bacillus  ? 
In  the  case  where  a  bacillus  can  only  develop  at  low  temperatures 
its  harmlessness  at  the  higher  temperature  may  be  readily  under- 
stood. The  experiments  of  Ernst  have  demonstrated,  however,  that 
this  small  bacillus  develops  much  better  at  22"  C,  and  even  at  3U'  C, 
than  at  lower  temperatures.  It  must  be  concluded,  therefore, 
that  the  high  temjierature  which  confers  immunity  acts  not  by 
*  Ziegler'a  Beitr.  z.path.  AutU.,  Jena,  1890,  Bd.  vm,  8.  203. 
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weakening  the  bacilhis,  but  rather  by  reinforcing  the  rcsif»ting  ]>ower 
of  tlje  organism.  The  low  temperatures  (6" — 10"  C.)  that  are  favour- 
able to  a  fatal  infection  have  a  different  action;  that  is  to  say, 
they  weaken  the  reaction  of  tlie  inoculated  frogs. 

Althouglj  Kmst  has  not  studied  the  mechanism  of  this  resistance 
fully,  it  is  evident,  from  the  data  lie  has  supplied,  that  it  consists  iu 
u  phagocytic  reaction.  He  wa-s  able  to  demonstnite  the  ingestion  of 
the  bacilli  by  the  phagocytes  in  the  suscei)tible  refrigerateil  frogs,  as 
well  as  in  the  refractory  firogs,  kept  at  a  higher  temperature;  but  in 
the  former  case  the  phagocytosis  was  so  feeble  that  24  hours  after 
inoculation  a  considerable  number  of  free  bacilli  were  still  found 
in  the  lymph  of  the  dorsal  sac,  whilst  in  the  refi-actory  frogs  the 
nnu'li  more  active  phagocytosis  brought  about  the  disappearance  of 
tlie  free  bacilli  during  the  first  day.  If,  as  is  very  probable,  the 
analogy  of  this  septicaemia  with  anthrax  in  frogs,  upon  which  Enist 
iiisisti).  really  exists,  it  must  ha  conclude<l  that  the  susceptibility  of  [150] 
these  Ratrachians  to  the  m<Klified  race  of  the  bacillus  depends  on 
their  weak  phiigocytic  resistance. 

Since,  in  these  two  examples  of  natural  imrnnnity  in  the  frog,  wo 
have  seen  tlmt  the  phagocytic  activity  exhibits  itself  in  an  active 
form  against  l)acteria  which  readily  develop  in  the  fluids  of  the 
MUne  animal,  we  might  conclude  that  the  reaction  of  the  phagocytes 
cofKitUutes  a  general  mode  of  defence  in  cold-blooded  animals. 
But  LubarschS  a  very  cautious  observer,  has  expressed  an  opposite 
Tiew,  based  on  his  studios  on  the  bacillus  of  mouse  septicaemia. 
He  convhiced  himself  that  frogs  will  resist  iiyectious  of  even  con- 
ridernble  quantities  of  this  bacillus,  without  any  co-operation  on 
the  part  of  the  phagocytes.  As  we  have,  here,  to  do  with  a 
matter  of  fact,  Mesnil  (Ac.)  set  himself  to  verify  these  observations, 
with  the  object  of  establishing  whether  it  was  a  case  of  a  real 
exception  or  of  a  simple  misunderstanding.  IIo  was  able  to  de- 
monstrate, by  irrefuUible  observations  and  experiments,  that  the 
bacilh  of  mouse  septicaemia  when  inoculated  into  frogs,  set  up  a 
▼ery  pronounced  positive  cheniiotiixis  on  the  part  of  the  phagocytes, 
which  seized  an<l  digested  the  bacilli  just  sis  they  do  the  anthrax 
badllus.     This  apparent  exception,  therefore,  becomes  transformed 

»  CtMtrtabLf.  Baktfriot.  u,  ParatiUnk.,  Jena.  1889,  Bd.  n,  88.  481  ud  529; 
ForUchr.d.  Med.,  Berlin,  18!>t»,  Tkl.  vm,  S.  <5rt5;  Ztnehr.  f.  kJin.  Mfd.,  Berlin.  1891  ; 
"  Uobcr  Iniuauitill  u.  Schutiijiipfuiig,"  SchucidciuulU's  Thiefuud.  l'urtrUgt,  1802, 
M.  a. 
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into  an  additional  argument  in  favour  of  phagocytic  reaction  being 
a  genei-al  factor  in  iinnmnity.  In  support  of  this  h}^)othesis  I  may 
adduce  a  further  example,  already  mentioned  in  a  preceding  chapter 
when  discussing  auotlier  question.  The  frog  is  very  refraetorj*  iigainst 
the  cholera  >ibrio.  When  tliesc  vibrios  are  inooilated  into  the  dorsal 
lymphatic  sac  or  into  any  other  part  of  the  body  the  animal  retains 
its  health  unimpaired.  An  examination  of  the  exudation  at  the  point 
of  inoculation  demonstrates  that  the  vibrios  meet  with  a  vigorous 
opjKJsitioji  on  the  part  of  the  phagocytes,  which  ingest  and  com- 
pletely digest  them.  This  is  of  special  interest  from  the  fact  that 
tlie  frog  is  very  sensitive  to  the  toxin  of  the  cholera  ^^brio.  When 
injected  in  a  weak  dose  it  kills  the  frog  verj'  quickly.  Two  small 
frogs  died  in  less  than  an  hour  from  the  eflèct  of  0"5  c.c.  of  cholera 
toxin. 

Tlie  natural  immunity  of  the  frog  against  tlie  cholera  vibrio  affords, 
[151]  then,  an  examjde  in  which  the  organism,  destroying  the  vibrio  by 
phagocytosis,  prevents  the  proiluction  of  the  poison,  which,  otherwiêe, 
would  infallibly  kill  it. 

Having  demonstrated  that  pliagocjlic  reaction  manifests  itself  in 
the  frog  in  all  cases  of  natural  immunity  that  have  been  sufficiently 
studied,  we  must  dwell  for  an  instant  on  the  question  of  the  con- 
dition of  the  bacteria  at  the  moment  of  their  ingestion  by  the 
phagocytes.  It  is  very  evident  that  this  phagocytic  defence  is  only 
efficient  on  condition  that  it  is  exercised  against  bacteria  which,  in 
its  absence,  might  injure  the  organism  by  their  multiplication  and 
their  virulence.  For  this  reason  the  question  as  to  whether  the 
micro-organisms,  before  being  ingested,  were  living  and  capable  of 
producing  their  pathogenic  action  has  been  widely  discussed.  It 
has  even  been  suggested  that  the  phagocytes  are  only  capable  of 
ingesting  the  dead  bodies  of  micro-organisms  that  have  been  killed 
by  other  agents.  Frogs  are  very  suitable  for  a  study  of  this  question. 
When  a  drop  of  the  exudation  is  removed  some  time  after  inocu- 
lation with  a  motile  organism,  such  as  the  Bacillus  pi/oci/aneus  or 
the  cholera  vibrio,  the  oi-ganism  was  often  found  moving  rapidly 
within  the  vacuoles  inside  leucocytes.  The  experiment  will  succeed 
even  more  completely  if  a  drop  of  frog's  lymph  be  mixed,  on  a  slide, 
with  a  trace  of  a  culture  of  these  motile  micro-organisms,  the  latter 
l>eing  soon  found  in  tlie  clear  vacuoles  included  in  leucocytes  and 
executing  extremely  rapid  movements. 

Besides  this  direct  proof  we  can  assure  ourselves  of  tlie  living 


condition  of  the  micro-organirtins  in  another  way.  Withdmw  a  drop 
of  the  exudation  at  an  advanced  stage  of  the  process  when  there 
are  no  longer  any  free  micro-organisms  ;  inside  the  phagocytes  a  few 
scattered  liacteria,  more  or  less  well  preserved,  can  still  l)e  seen.  It 
is  eufficicut  to  keep  a  hanging  drop  of  such  an  exudation  at  a  tem- 
peratnre  of  about  SO^C,  care  being  taken  to  keep  it  from  drying,  but 
without  ad«ling  to  it  any  nutrient  medium.  Under  these  conditions 
the  leucocytes  die  more  or  less  mpidly,  but  the  l>acteria  regain  vigour: 
they  begin  to  multiply,  and  at  the  end  of  a  short  time  prmluce  a 
genenition  of  bacteria  within  the  dead  leucocyte.  The  muItii>lication 
of  the  V»acteria  goes  on  progressively  and  the  hanging  drop  is  tnins- 
formetl  into  a  real  pure  culture.  Mcsnil  was  able  to  confirm  these 
data  with  the  exudations  of  frogs  that  had  been  inocidated  with  either 
the  bacilli  of  anthrax  or  of  mouse  septicaemia. 

The  bacteria,  ingested  in  the  living  state  by  phagocytes,  retain  [152] 
tlieir  original  vinilence.  Some  author»  think,  and  I  was  formerly  of 
this  opinion,  that  at  the  end  of  a  more  or  less  prolonged  sojourn 
within  the  leucocytes,  anthrax  bacilli  undergo  an  attenuation  in 
their  virulence.  Later,  numerous  researches  have,  however,  de- 
monstrated that  this  opinion  is  incorrect,  and  that  the  virulence  is 
maintained  in  the  bacteria  included  in  the  phagocytes  of  frogs  the 
whole  time  that  these  bacteria  remain  alive.  Dieudonné  has  in- 
sisted on  this  fact  as  regards  the  anthrax  bacillus.  Mcsnil  haa 
confirmed  it  for  this  same  species  and  for  the  bacillus  of  mouse 
septicaemia.  It  is  impossible,  therefore,  to  doubt  this  general  result, 
titat  fi-ogs  which  are  refractory  against  certain  Vmcteria  resist  because 
of  the  phagocytosis  which  is  exercised  against  living  and  virulent 
micro-organisms. 

We  have  insisted  sufficiently  on  the  analysis  of  the  natural 
immunity  of  the  fiY)g,  and  need  not  tarry  over  the  facts  relating  to 
otlier  amphibia  which,  moreover,  have  been  much  less  studied.  The 
reptiles,  those  higher  representatives  of  the  Vertebrata  called  cold- 
blooded, often  present  examples  of  really  remarkable  immunity.  Thus 
alligators  will  resist  enormous  doses  of  various  bacteria,  such  as 
the  anthrax  bacillus,  that  of  human  tuberculosis  or  the  cocco-bacillus 
of  typhoid  fever.  When,  some  time  after  an  injection  is  made,  the 
exudation  at  the  point  of  inoculation  is  withilrawn  there  is  found 
a  large  numljer  of  leucocytes,  amongst  which  may  Ije  recognised 
many  cosinophilc  microphages.  though  the  majority  are  macrophuges 
with  one,  two  or  more  nuclei     Really  giant  cells  are  found  in  the 
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exudation.  Tt  is  the  macrophages  which  Bpecially  manifest  phas:o- 
cytosis  and  they  are  often  foiuid  crammed  with  the  injected  bacteriii, 
as  I  was  al)le  to  assure  myself  after  injections  of  tjrphoid  cocco-bacilli. 
The  natural  immunity  of  alligators  {Alligator  mississipienms)  persists 
not  only  at  the  temjierature  of  the  incubator  (37°C.),  but  also  at  room 
temjHîrature  (20°— 22°C.). 

Passing  in  review  the  animal  kingdom  we  must  pause  for  a 
moment  to  consider  the  natural  immunity  of  birds  or  lower  warm- 
blooded Vertebrates.  The  classic  example  of  this  immunity  is  that 
of  the  fowl  against  anthrax.  It  has  long  been  known  tliat  birds  resist 
[153]  inoculation  with  anthrax  or  only  exhibit  a  feeble  receptivity;  though 
smaller  birds  are  for  the  most  part  susceptible  to  anthrax,  the  pigeon 
ÎS  much  less  so  and  the  fowl  presents  a  case  of  the  most  pronounced 
immunity.  It  was  believed  to  be  absolutely  refractory  until  the 
experiments  of  Pasteur  and  Joubert',  who  found  a  sure  method  of 
suppressing  this  immunity.  Fowls  that  had  been  inoculated  >rith 
the  bacillus  were  immersed  up  to  the  thighs  in  cold  water  in  order  to 
bring  down  their  tempeniture.  It  was  found  that,  under  these  con- 
ditions, the  anthnix  bacillus  developed  at  the  scat  of  inoculation  and 
later  became  genenilised  in  the  blood,  and  invariably  caused  death. 
It  was  concluded  from  this  that  the  natural  immunity  of  the  fowl 
was  dependent  ou  its  very  In'gh  normal  temperature  (41° — i2°)  which 
interfered  with  the  pathogenic  functioiw  of  the  anthrax  baciUus. 

Hess'  studied  the  mechanism  of  this  immunity  of  the  fowl  and 
pointed  out  the  important  part  that  phagocytosis  plays  in  the  de- 
struction of  the  inoculated  bacteria. 

Tliese  researches  were  resumed  in  my  laboratory  by  Wagner*. 
Having  established  that  the  anthrax  bacillus  develops  readily  in  the 
blood  and  the  blood  serum  of  fowls,  outside  the  organism,  at  high 
temperatures  (42° — 43°  C),  he  came  to  the  conclusion  that  the 
lowering  of  the  température  of  the  body  of  the  fowls  by  immersing 
them  in  water  produced,  not  a  reinforcement  of  the  bacillus,  but 
a  weakening  of  the  resisting  power  of  the  animal.  He  was  able 
to  convince  himself  that  this  resistance  exhibits  itself  in  the  activity 
of  the  phagocytes  which  ingest  and  destroy  the  anthrax  bacillus  in 
ita  vegetative  state.  In  the  normal  fowl  the  phagocytosis  is  rapid 
and  very  pronounced,  whilst  in  a  fowl  that  has  been  refrigerated  this 

»  Bull.  Acad,  tie  méd.,  Piiria,  1878,  p.  440. 

'  VircluAC^t  Archiv,  Berlin.  1887,  Bd.  orx,  8.  365. 

»  An»,  de  Pfrut.  Ptuteur,  Pari»,  1890,  t.  iv,  p.  670. 
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reaction  is  very  slight  or  alèsent.  To  corroborate  this  general  cou- 
cinsion,  Wagner,  instead  of  lowering  the  temperature  by  means  of 
cold  water,  made  use  of  antipyrin  and  chloral.  The  application  of 
tliis  trejitrneut  likewise  caused  enfeebleincut  of  the  natural  defence 
of  tlie  organisuï  and  suppressed  tlie  immunity  of  the  fowl  against 
smthrax. 

TrapeznikofF'  has  studied  cjirefully  the  fate  of  anthrax  spores 
when  injected  into  fowls.  lie  observed  that  most  of  then»  are 
devoured  by  the  leucocytes.  Some  of  the  spores  were  first  trans-  [154] 
formed  into  small  rods,  sometimes  growing  into  real  bacilli,  but 
finally  they  all  bectime  the  prey  of  phagocytes  and  perished  in 
tlieir  interior.  Those  in  the  vegetative  condition  are  soon  digested, 
the  spores,  however,  persist  for  some  time  inside  the  phagocytes, 
but  ultimately  disappear.  The  phagocytosis  in  fowls  inoculated 
with  spores  is  very  marked,  and  preparations,  stained  by  Ziehl's 
method,  demonstrate  most  clearly  the  reality  of  this  reaction  pheno- 
menon. These  preparations  have  for  long  been  used  in  the  coui-se 
in  Iwcteriology  at  the  Pasteur  Institute  for  the  demonstration  of 
phagocytosis. 

In  the  face  of  these  facts,  well  established  an«l  confirmed  many 
times,  it  is  imjjossible  to  accept  Thiltges'-  denial  of  the  ingestion  of 
these  bacteria  by  the  phagocytes  of  the  fowl.  Some  faidt  of  technique, 
which  I  am  not  at  the  moment  in  a  position  to  indicate  exactly, 
has  evidently  slipped  into  this  authors  work.  The  positive  data, 
however,  on  phagocytosis  in  the  fowl,  obtained  by  Hess,  Wagner,  and 
Trapeznikoff,  data  confirmed  by  myself,  render  unnecessary  any  fresh 
researches  for  the  purpose  of  explaining  the  negative  results  obtained 
by  Thiltges.  As  regards  his  experiments  on  the  bactericidid  action 
of  defibrinatcd  blood  and  of  blood  serum  of  fowls  against  the  bacillus 
and  its  spores,  experiments  whoso  résulta  are  opinised  by  those  of 
Wagner,  the  contradiction  may  be  explained  pretty  easily,  at  leaist  in 
piirU  Thiltges  mentions  several  times  tliat  the  bacilli,  when  sown 
iu  the  blood  sermn  of  the  fowl,  were  aggregated  in  clumpa  Never- 
tbele»*,  he  has  failed  to  guard  against  this  source  of  eiTor  and  has 
iittributcd  the  diminution  in  number  of  the  colonies  on  plates  to 
the  destruction  and  not  to  the  agglutination  of  the  bacilli.  Thiltges 
gives  so  few  ]uirticulars  of  the  conditions  under  which  his  experi- 
ments were  i>erfonned  that  we  do  not  even  know  at  what  temperature 

«  Ann.  de  rinnt.  PiuUur,  Paris,  1891,  t.  v,  p.  362. 
*  Zuthr.f.  Ihjg.,  Leipzig,  1898,  Bd,  xxvni,  8.  189. 
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be  kept  Lis  tabes  oonbiining  Uood  and  flemm  90«ib  «fth  faaciilL  JU 
Wagner  kept  his  at  42' — 13'  C^  a  tempaatme  vUcii  cancBçamAs  to 
that  of  the  body  of  the  fowl,  I  ai&ed  M.  Geagou  to  make  a  series  of 
expérimente  on  the  bactericidal  power  of  the  plasma  and, Uood 
eenim  of  fowk  oo  the  anthrax  badllas.  kee|Mi^  hk  tabep  at  XT  C 
[14*5]  The  re^t  of  \m  experimentj:  was  in  CMnplete  aoooid  with  thoee  of 
Wagner.  Under  the  conditions  that  I  have  just  slated  ûtt  ftdds 
<^  the  fowl  are  no  more  bactericidal  than  tfa^*  are  uder  the  oon- 
diti<»s  maintained  in  Wagner's  expmnient& 

In  gumming  op  these  data  on  the  natonl  immnni^  of  fowls 
against  anthrax,  we  are  certainly  justified  in  oondading  that  it  is 
due  to  the  phagocrtosis  and  not  to  any  bactericidal  propei^  of  the 
"humours.'' 

The  pigeon  is  more  susceptible  than  the  fowl  to  the  aetioii  of 
the  anthrax  bacillus,  stiU  it  manifests  a  certain  decree  of  reôstanoe 
against  the  microbe.  After  what  we  hare  said  on  the  sulgect  of 
the  fowl  we  need  make  but  few  remarks  on  the  pigeon,  in  spite  of 
the  very  animated  discussions  that  have  taken  place  oo  the  mechao- 
ism  of  its  immunity.  When  Baumgarten  was  offering  a  "^vilniiatâr' 
of^tosition  to  the  part  played  by  phagocytic  reacti<m  in  immunity, 
he  set  his  pujHl  Czaplew>>ki^  to  investigate  the  resistance  of  pigeons 
against  anthrax.  The  results  of  this  investigation  -mete  absolotdy 
negative  as  regards  phagocytosis.  The  latter  was  said  to  have  no 
importance  in  the  defence  of  the  organism,  which  resisted  simply 
because  it  was  impossible  for  the  baciUus  to  lire  in  the  body  of 
the  pigeon.  I  then  set  myself  to  study  this  question  ^  and  I  was 
able  to  demonstrate  that  the  anthrax  bacillus  is  quite  capable  of 
keeping  alive  in  the  pigeon,  that  it  can  devel(^  in  its  fluids,  but 
that  it  is  unable  to  defend  itself  against  the  a^resâon  of  the  phago- 
cytes which  ingest  it  and  completely  digest  it  By  isolating  the 
phagocytes  that  had  ingested  the  bacilli  injected  into  the  body  of  the 
pigeon,  I  was  able  to  prove  that  a  number  of  these  bacilli  were  still 
alive.  The  enfceblement  and  death  of  the  phagocytes  wh^i  oatside 
the  body  allowed  the  anthrax  bacilli  again  to  get  the  upper  hand 
in  this  struggle,  to  develop  and  to  give  virulent  cultures.  The  part 
played  by  [^agocytes  in  this  example  of  natural  immunity  was  thus 
placed  be^'ond  doubt 

'■  "  Uotereuchungen  û  die  Immunitât  d  Tauben,"  Kônigsbeig,  1889;  ZùgUi't 
Beitr.  z.  path.  Anal.,  Jena,  18ÎK>,  Bd.  vii,  S.  49. 

»  Ann.  lit  I'Intt.  Pasteur,  Vaxia,  1890,  t.  IT,  p.  38  ;  p.  65. 
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Later,  Czaplewskî^  himself  became  couviiiced  that  his  previous 
negitive  restilts  would  uot  stand  criticism,  and  Thiltges,  in  \m  work 
already  mentioned,  when  discussing  the  fowl,  was  able  to  confirm  the  [150] 
iiDfMjrtauce  of  phagocytosis  in  the  defence  of  the  organism  of  the 
pigeon  against  anthrax.  He  was  struck  by  the  difference  between 
these  two  species  of  birds.  In  the  jiigeun  it  was  easy  for  him  to 
proTe  that  in  the  individuals  that  succumb  to  anthrax  the  phagocytic 
rcivction  is  very  feeble,  wlnlst  in  those  which  ultimately  resist  the 
bacillus  it  is  very  pronounced.  Thiltges  likewise  observed  that  the 
bloo<l  and  blood  serum  of  pigeons  wlien  sown  in  vitro  with  the 
anthrax  bacillus,  manifest  only  an  insignificant  bactericidid  power, 
a  fact  that  further  warrants  him  in  attributing  great  importance  to 
phagocytosis  in  the  mainteitancc  of  the  natural  immunity  of  the 
pigeon.  It  is  remarkable  that,  in  presence  of  these  fiicts,  it  did  not 
occur  to  the  author  to  ask  whether  this  fundamental  difference  in  the 
mectianism  of  the  resistance,  which  he  thought  possible  in  two  birds 
so  closely  allic<l  as  are  the  pigeon  and  the  fowl,  really  did  exist  in 
nature.  1  infer  that  his  experiments  on  the  fowl  were  made  before 
those  on  the  pigeon,  and  that  the  difference  in  his  results  deperuled 
«pecially  on  the  fact  that  he  had  acquired  greater  skill  in  executing 
hits  hiter  experiments. 

Ilaving  observed  that  frogs  die  reatlily  when  inoculated  with  an 
anthrax  l>acillus  that  was  adapted  to  develop  at  a  low  tenjperature, 
Dieudonné  (Ac.)  endeavoured  to  suppress  the  immunity  of  the  pigeon 
by  using  bacilli  ailapted  to  a  high  temperature.  But  the  inoculation 
of  a  second  generation  of  the  anthrax  bacillus,  cultivated  at  42"  C, 
was  home  by  five  pigeons  without  inconvenience.  Even  bacilli 
that  were  rendered  capable,  by  cultivation  through  sixteen  genera- 
tions, of  developing  at  this  temperature  were  not  in  a  cou(Ution 
to  kill  more  than  five  pigeons  out  of  thirteen  inoculated.  These 
attempts  to  explain  immunity  as  due  to  the  jiroperties  of  the  bacilli 
rather  than  to  those  nf  the  orgjinism  of  the  pigeon,  have  therefore 
led  to  a  result  very  ditlerent  from  that  anticipated  by  Dieudonnc. 

The  ptgecm  is  further  of  interest  to  us  because  of  its  natural 
inituunity  against  the  bacillus  of  bunuin  tuberculosis.  It  resists 
considerable  doses  of  this  bacillus,  so  virulent  for  man  and  for  the 
m^ority  of  mammals,  and  even  for  some  birds  (catiaries  and  parrots). 
LK:uibiu:<ki-,  studying  the  mechanism  of  this  immunity,  was  able  to 

»  Ztfchr.f.  Hyg.,  Leipzig,  isf>2,  B<i.  in,  S.  348. 

*  Ann.  </<•  I'Intt.  Piuteur,  Paris,  içyj»,  t  lui,  p,  429. 

10—2 


148 


Chapter  VI 


".c. 


© 


prove  tliat  the  baciUi  of  Iminaii  tuberculosis  encounter  in  the  organ- 
ism of  the  pigeon  a  veev  gieat  resistance  from  the  phagocytes, 
[157]  cs[)ecially  from  tlic  macrophages.  These  cells  fuse  together  around 
masses  of  bacilli  ami  imprison  them  within  real  giant  cells  or  poly- 
nucleated  macrophages  (Fig.  21).  The  aiicropliages  in  this  straggle 
play  only  a  secondary  part, 
but  the  resistaTice  ottered  by 
the  macrophages  is  a  most 

effective  one.     Incapable  i»f  ^r  -^, 

comjiletely    destroying    the  <_      ^^  Cit     — 

bacilli,  these  phagocytcà 
exercise  over  tlieni  an  un- 
favourable influence  and 
prevent  them  from  nuilti- 
plying  and  exhibiting  their 
noxious  action.  The  im- 
portance of  the  defence  Ity 
the  macrophages  comes  out 
Htill  more  clearly  when  com- 
pared with  what  tiikes  place 
if,  insteaxl  of  the  bacillus 
of  human  tulwrculosis.  we 
inoculate  into  pigeons  the 
bacillus  of  avian  tubercu- 
losis. In  the  latter  case 
the  microj>hage8  certainly 
pronjptly  seize   the   bacilli, 

but  being  powerless  against  them  they  perish,  whilst  the  macrophages 
only  intervene  later  on  and  in  small  numbers.  The  result  is  that 
in  the  pigeon  the  avian  bacillus  becomes  generalised  iu  the  organism 
and  sets  up  a  fatal  tuberculosis. 

It  must  be  admitted,  then,  that  the  immunity  of  the  pigeon  against 
the  bacillus  of  human  tuberculosis  is  due  to  the  defence  by  the 
macrophages.  This  conclusion  is  corroborated  by  the  fact  that  in 
the  fowl — equally  refi-actoi'y  against  the  same  baeUlus — there  is  also 
observed  a  very  strong  uiacrophagic  reaction. 

Nocanl\  who  for  several  years  has  been  carrying  on  studies  on 
the  relations  between  the  bacilli  of  human  and  avian  tuberculosis, 
conceived  the  idea  of  adapting  the  former  to  the  organism  of  the 
*  Ann.  de  flntt.  Patteur,  Paris,  1898,  t  zn,  p.  561. 
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Fis.  21.  HéActton  of  the  pliagocvtes  of  th« 
pigeon  against  the  bacilli  of  bumun  tuber- 
culosis. 


fowl  With  this  object  he  enclosed  a  culture  of  the  bacillus  of  [158] 
Luman  tuberculoaiâ  in  a  sac  of  collodion  which  he  then  introduced 
into  the  peritoneal  cavity  of  fowls.  Under  these  conditions  the 
IxkciUns,  protected  against  the  aggression  of  phagocytes,  continued 
to  live  inside  the  sac  through  wliose  walls  the  fluid  part  of  the 
peritoneal  lymph  could  diffiise.  After  several  passages  from  sac  to 
sac  the  human  bacillus  becomca  acclimatised  to  the  body  of  the  fowl 
and  is  transformed  into  a  variety  quite  comparable  to  the  bacillus 
of  anun  tuberculosis.  This  experiment  has  detiuitely  settled  the 
question  so  long  under  discussion  of  the  specific  difference  between 
the  two  tubercle  bacilli.  It  has  resolved  it  in  the  sense  of  affirming 
their  unity;  the  aviuTi  bacillus  is  only  a  niodific<l  race  of  the  siuue 
bacillus  which  sets  up  tuberculosis  in  man  and  other  mammals. 

In  spite  of  the  great  diiFerence  between  the  anthrax  bacillus  and 
that  of  human  tuberculosis,  the  immunity  against  these  two  bacteria, 
which  is  shown  in  birds,  depends  in  every  case  upon  the  reaction  of 
the  phagocytic  system. 

Having  rapidly  glanced  at  natural  immunity  aa  we  ascend  the 
«cale  of  the  animal  series  we  now  come  to  it  as  it  presents  itself  in 
the  highest  class,  Mammals,  a  question  on  which  it  is  necessary  to 
dwell  at  greater  length  because  of  its  great  iiuportancc,  and  also 
because  of  the  fuller  study  that  has  been  given  to  it 

A»  the  immunity  of  the  Invertcbrata  and  of  the  lower  Vertebrata 
againi^t  the  anthrax  bacillus  hits  furaished  us  with  several  important 
indications  we  will  first  endeavour  to  throw  light  on  the  mechanism 
of  the  rcsistjirice  offered  to  anthrax  by  certain  mammaire.  The  repre- 
sentatives of  this  class  being,  however,  for  the  most  part  extremely 
sasoeptible  to  this  disease,  examples  of  true  natural  imnmnity  are 
▼ery  rare.  The  first  place  among  resistant  mammals  is  occupied  by 
the  dog.  Although  young  dogs,  as  demonstrated  by  Strauss',  reailily 
take  fatal  anthrax,  tiie  «mine  sf>ecies  may  nevertheless  be  regarded 
as  possessing  a  real  immunity,  i\»  adult  do^s  witlistanil,  without 
inconvenience,  the  inoculation  of  large  quantities  of  l>acilli.  When 
introduced  beneath  the  skin  the;fse  bacilli  excite  a  local  inflammatiou, 
accompanied  by  a  very  marked  diapedosis  of  white  corpuscles  which  at 
oooe  begin  to  devour  tiic  bacilli.  This  phagocytosis  has  already  been 
obeenred  by  Hess-,  Mali  a-',  myself,  and  several  other  investigators,  [iiJ>] 

'  Arch,  d«  mid.  exini:  rt  Janitt.  patft.,  Paris,  1889, 1 1,  p.  325. 
*   I'irchfiw'i  Archil),  Herliii,  1»S7,  Bd.  cix,  S.  365. 
■  Ann.  de  I'lttnl.  Pasteur,  Poiis,  1890,  t.  it,  p.  520. 
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«o  dMt  fte  existence  cannai  be  doobied.  Reeentlj.  Ifartel' 
dcoMMtraleil  »  ffxj  diatineC  phagocytic  reactkm  in  all  those 
«bcra  be  has  had  to  deal  with  dogs  that  were  reftactoiT  or  not  very 
■OKJaptfMti.  Thb  reaction  ia  shown  faj  the  ingeation  of  the  bacteria 
«id  hy  the  fange  accumolattott  of  leococytes  at  the  seat  of  inocu^ 
lation.  Hn  reseairdies  are  of  special  interest  hj  rcaaon  of  th^ 
eonntertest  that  he  was  able  to  make  apon  dogs  that  were 
MHceptible  to  anthrax.  It  was  demonstrated  some  years  ago  tliat 
the  natural  immnoity  of  tiie  clog  against  tbe  bactOns,  althoogfa  verr 
real,  ih,  iiererthelcae,  relatire  and  limited.  Thos  Banlach^  e»tabliahed 
tbe  fact  that  dogn  fVom  whom  tbe  spleen,  an  organ  full  of  phagocyte», 
had  been  reniove<l,  became  inisceptiblc  tu  anthrax.  Ereu  do^  into 
who«e  Tcins  he  injecte*!  fine  woo<l -charcoal  powder  suspended  in 
watfr,  with  the  purpose  of  "diverting"  the  phagocytotsLs,  readily 
Sticmral>ed  to  anthrax. 

Martel  endearoured  to  suspend  the  natural  immunity  of  dogs  by 
injcclin^  intti  them  phloridziu  or  pyron^Uic  acid.     But  he  obtained 
much  more  constant  results  by  inoculating  the  bacillus  into  rabid 
dogH.     The  organism,    weakened   by   thia   terrible  disease.    I)ecamafl 
Very  *u«c*'ptible  to  anthrax,  and  the  rabid  animal  succumbed  to" 
anthrax    before   the  rabies   had    completed    its    evolution.      By  its 
jmiMagc  througli  the  nibid  dog  tbe  anthrax  virus  is  so  augmented 
in  virulence  that  it  becomes  fatal  for  normal  dogs-    Martel  succeeded 
also  in  reinforcing  the  bacillus  isolated  from   a  cow  aifected  with 
anthrax.     In  all  thoMC  cases  where  the  reinforced  bacilli  set   np  a 
Mcvvre  and  ra]iidly  fatal  infection,  Martel  could  denionstrate  only  h 
a  feeble  phagocytic  reaction.  ( 

llcsearches  on  the  phagocytosis  of  dogs,  inoculate»!  with  the 
anthrax  bacillus,  have  always  demonstrated  a  regular  and  consttnt 
relation  l>ctwecn  this  reaction  and  the  resistance  of  the  organism. 
On  the  other  hand,  experiments  un<lertaken  for  the  ]turpose 
etit^iblisliinç:  the  part  played  by  the  body  fluids  in  this  immunity,^ 
have  always  given  negsitive  rcsidts. 

As  the  dog,  of  all  mammals,  exhibits  the  greatest  natural  im- 
mtinity    from   aiithi-ax,   it   is  very  natural  that  in  the  bactericidal 
property  <»f  ilj<  blottd  the  key  to  the  euigina  has  been  sought     Thus 
[lOOjNuttall"  conclu<teH  from  liis  experiments  that  the  anthrax  bacilhis 

•  Ann.  tir  t'Intt.  J'atUiir,  Paris,  li)O0,  t  xiv,  p.  13. 
»  Ann.  de  rtntt.  Pa»leur,  Paris,  18S9,  t.  m.  p.  677. 
»  Zi$ehr.f.  Byg.^  Leipzig,  1S88,  Bd.  it,  S.  353. 
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is  readily  destroyed  by  defibriiiated  dog's  blood.  But,  as  this  result 
'was  not  in  accord  with  my  observations'  that  tlie  bacillus  is  easily 
cultiratcd  in  dog's  blood,  and  as  Bcveral  observers,  esiiecially 
lubarsch-,  had  arrivetl  at  conclusions  opposeil  to  those  of  Nuttall, 
«yKteinatic  researches  were  made  for  the  purpose  of  solving  this 
complicated  problem.  Denys  and  Kaisin'  sought  to  remove  the 
objections  fornudated  against  the  explaTiation  of  the  immunity  of 
llie  dog  as  due  to  the  bactericidal  jjropcrty  of  it;  blood  by  affirm- 
ing that  this  power,  which  is  absent  in  the  inoculated  <log,  develop» 
whilst  the  animal  is  under  tlie  influence  of  the  bacillus.  Immunity 
iè  reduced,  then,  in  this  case  to  the  establishment  of  a  new 
property  in  the  flui<is  during  the  course  of  the  struggle  of  the 
organism  against  the  inoculated  IkiciIIus.  None  of  the  olwervers, 
however,  who  have  repeated  these  experiments,  e.g.  Lubarsch*  and 
Bail',  were  able  to  confirm  the  results  of  the  Belgian  olraervers. 
Dcnys  himself,  indeed,  having  resxmied  this  study  with  Havet", 
had  to  reject  the  conclusions  of  his  fonner  work  executed  in 
collaboration  with  Kaisin.  He  is  persuade<l  that  their  error  was 
due  to  the  fact  that  in  their  experiment-^  //(  vitro,  the  living  leuco- 
cytes ingested  the  bacilli  and  prevented  their  development.  As  the 
result  of  these  new  researches  Denys  and  Havet  have  come  to  the 
conclusion  "  that  the  main,  the  predominating  |)art  of  the  bactericidal 
power  of  the  dog's  blood  must  be  ascribed  to  the  leucocytes  acting  as 
phagf>cytic  elements"  {loc.  cit..  p.  15). 

As  a  result  of  the  investigations  I  have  summarised  the  cnnclusion 
is  forced  upon  us  that  the  natural  immunity  of  the  dog  from  anthrax 
is  a  function  of  the  phagocytes.  In  presence  of  this  uniformity  of  the 
experimental  results  it  becomes  very  imporUuit  to  make  a  more  pro- 
found study  of  the  piieuoniena  that  manifest  themselves  during  the 
destruction  of  the  bacilli  by  the  phagocjtes  of  the  dog.  What  are  the 
phagocytic  elements  which  j»lay  the  principal  part  in  this  struggle, 
and  by  what  n^eans  do  they  attaiu  this  result?    Gengou'  undertook  a[i6i] 

'  Ann.  d^  Clmt.  Pfuleur,  Paris,  1887,  t  i,  p.  43. 

'  "  Unterstichitngon  Û.  tlie  Ursacheii  der  aiigelx)rcnen  u.  erworbonon  ImmuuiUit," 
Berlin,  IM'I.  S.  111. 

1  Art  (\tlitU,  Lierre  et  Louvain,  1893,  t  n,  p.  337. 

•  "Z«»r  lichre  von  deii  Oe«chswûkten  iind  Infeetioiiskrankliciten,"  Wiesbaden.  1890. 
»  CfnlnUN.  /  BurUriot.  u.  Paratitenk.,  1«*  Al>t.,  Jena,  1900,  Bd.  xxvii,  SS.  10 

nd  &I7> 

•  La  CelluU,  Lierre  et  Lourain,  1894,  t  x,  p.  7. 

I  Ann.  de  PIuM,  Pattmr,  Puria,  1901,  t  zr,  p.  68. 


152  Chapter  VI 

detailed  invcstigatioiii  in  my  laboratory  to  answer  these  questions. 
He  was  able  to  conviuce  biiuaelf,  in  agi'eenient  with  t)ie  statements 
of  his  predecessors,  that  not  only  was  the  serum  of  dog's  blood  not 
bactericidal  for  the  anthrax  bacillus,  but  tliat  the  plasma  of  the  blood 
is  no  more  so.  The  fluid  of  the  aseptic  pleural  exudation  obtainetl 
after  injection  of  gluteu-casoin,  was  likewise  incapable  of  killing  the 
anthrax  bacillus.  When  Geiigou,  by  means  of  centrifugalisation, 
isolated  the  leucocytes  from  these  exudations,  washed  them  in 
physiological  salt  solution,  froze  them,  and  then  macerated  them  in 
broth,  he  obtained  suspensions  of  white  corpuscles,  to  which  he 
added  bacilli.  lie  was  able  to  demonstrate  that  when  the  exudations 
contained  macrophages  principally,  as  is  observed  in  exudations 
taken  at  the  eiul  of  two  or  three  days,  the  Ijactericidal  power  of 
the  susi»ensi()ns  was  nil  or  insignificant.  Wlieii,  on  the  other  hand, 
the  leucocytes  came  from  exudations  only  twenty- four  hours  old  and 
were  composed  almost  exclusively  of  microphages,  the  destructive 
action  on  the  bacilli  of  the  extract  of  the  microphages  in  broth 
was  most  niarked.  Now  it  is  fully  demonstrated  that  in  the 
exudation  set  up  in  the  refractory  dog  by  the  injection  of  anthrax 
bacilli,  it  is  especially  the  microphages  M'hich  exhibit  the  phagocytic 
reaction  against  this  bacillus. 

This  is  how  the  question  of  the  immunity  of  the  dog  from 
anthrax  stands  at  present.  The  natural  immunity  of  this  sjwdea, 
which  although  not  unlimited,  is  very  real,  depends  on  the  activity 
of  phagocytes.  These  elements,  under  the  stinmlus  of  the  bacillus 
and  its  products,  exhibit  a  positive  chemiotaxis  of  the  most  marked 
character,  they  approach  the  bixcilli,  ingest  them  by  a  physiological 
act,  and  destroy  them  by  means  of  a  substance  which  is  not  fouJid  in 
either  the  plasma  or  the  blood  serum,  but  which  can  be  demonstiuted 
in  an  extract  of  the  microphages. 

In  spite  of  the  uniformity  and  precision  of  these  data,  it  is 
impossible  to  rest  satiivfied  with  describing,  as  an  example  of  natural 
immunity  from  antlu'ax,  the  single  case  of  the  dog.  If  the  resistance 
of  the  rat  against  this  disease  was  mei-ely  of  historical  interest  because 
of  the  large  number  of  works  devoted  to  this  question,  we  might 
[162]  relegate  it  to  tlie  cliajyter  reserved  for  the  history  of  our  knowledge 
on  immunity.  But  it  is  not  so.  The  anthrax  of  rats  is  a  subject 
fidl  of  very  valuable  instruction,  and  von  Brhriiig  was  quite  justified 
in  saying  that  whoever  wished  to  get  a  true  coiice|>ti(jn  of  natumi 
immunity  from  a  virus  should  pay  special  attention  to  this  example. 


As  a  matter  of  fact,  it  may  be  stated  that  tlie  grey  rat  (Mus 
thcumanus),  the  black  rat  (Mus  rattiis),  and  white  rats  are  far  from 
enjoying  a  true  immunity  from  anthrax.  They,  nevertheless,  exhibit 
a  more  or  less  marked  resistance  against  this  tlisease  and  are  always 
lis*  susceptible  than  are  the  other  laboratory  rodents  :  mice,  guinea- 
pigs  and  rabbits.  Rats  resist  attenuated  l«icilli  (anthrax  vaccines) 
better  than  do  these  three  s]>ecie8,  and  in  order  to  induce  in  then» 
fatal  anthrax  it  is  nccessarj'  to  inoculate  a  much  larger  number  of 
virulent  bacilli.  On  the  other  hand,  nits  are  distinguished  by  a  great 
irregularity  in  the  resisUmce  thoy  offer  to  the  bacillus.  At  times 
Uicy  resist  verj*  virulent  bacilli  ;  at  others  they  contract  a  fatal 
diseasc  after  an  injection  of  very  attenuate<l  bacilli  (Pasteur's  first 
vaccine). 

Id  my  first  memiiir  on  anthrax^  I  noted  the  fact  that  in  rats  the 
phagocytO!^is  against  the  bacillus  when  injected  subcutaneitusly  was 
more  marked  than  after  the  same  inocuhition  into  the  rabbit  and 
guiuca-pig.  Later,  this  fact  was  «lisjiutcd  by  several  observers,  who 
refused  to  accept  the  extent  and  importance  of  the  phagocytic  reaction 
in  the  rat  This  opi)osition  was  strengthened  by  a  very  interesting 
discovery  made  by  von  Behring-,  namely,  that  the  blood  serum  of 
the  rat  possessed  a  remarkably  destructive  power  for  the  anthrax 
bacillus.  When  this  observer  added  a  certain  quantity  of  anthrax 
bacilli  to  some  blood  serum  of  the  rat,  instead  of  elongating  into 
filaments  and  dividing  they  un<lerwent  a  change,  lost  their  normal 
refraction  and  took  on  staining  reagents  very  imjierfectly.  The 
membranes  alone  remained  of  tfic  bacilli  thus  treated.  Von  Behring 
considered  that  this  bactericidtd  action  of  the  serum  depends  on 
the  presence  of  an  organic  base  dissolved  in  the  blood  fluid.  He 
bad  merely  to  neutralise  the  serum  by  means  of  an  acid,  and  there 
waa  at  once  a  very  abundant  development  of  the  bacillus.  From 
these  researches  von  Behring  came  to  the  conclusion  that  the 
nntui-al  immunity  of  the  rat  from  anthrax  can  be  reduced  to  terms  [163] 
of  the  chemical  action  of  the  blood  on  the  bacillus. 

lu  one  of  his  most  recent  publications  this  author'  returns  to  the 
qilCî»tion  of  anthrax  in  rats  and  sums  up  his  present  jioint  of  view 
as  follows.    VLq  regards  the   immunity  of  these  rodents  as   being 

»  Firchou^t  Arehir,  Berlin,  1884,  Bd.  xcvu,  S.  516. 

•  Coilnilht.f.  Uiii.  M,:<l.,  Boun,  1888,  No.  38. 

*  "  iDfectioiiSBchutz  und  Iiiiiuunitiit"  in  Enlcnberg'g  "  Rool-Encyclopidie  d.  gea. 
HcUkaude,"  in*"  Aufl.  {Encyclop.  Jahrbûcher),  Wicn,  1900,  BcL  ix,  8.  H>6. 


154 


Chapter  VI 


relative,  not  absolute.  "Tlie  anthrax  bacilli  " — be  says — ^"die  in  rat's 
serum  in  vitro  ;  and  in  the  cases  where  the  inoculation  of  these 
animals  with  the  anthrax  virus  is  not  fatîil,  it  is  at  least  reasonable  to 
assume  that  the  blood  fluid  likewise  produces  tliis  protection  in 
the  organism  of  the  lining  rat  Now,  an  immunity  that  manifests 
itself  without  the  aid  of  any  activity  of  the  cell  must  undoubtedly 
be  regarde<l  as  being  of  a  humoral  character  "  (lor.  cit.  p.  202). 

Let  us  liegin  by  analysing  the  facts  as  pix'sentcd  in  rats  into 
[164]  whose  subcutaneous  tissue  we  have  injected  anthrax  vims.  A  certain 
luimbcr  of  them  resist,  without  exhibiting  any  lesion  other  than 
a  certain  exudative  iuQammation  at  the  seat  of  inoculation.  The 
exudation  is,  in  this  case,  very  rich  in  leucocytes  which  quickly 
exert  their  phagocytic  function  and  destroy  the  ingested  bacillL 
In  this  reaction  it  is  the  raicropha^es  that  play  the  chief  part,  the 
macrophages  intervening  later  and  in  a  much  less  pronounced  fashion. 
Usually,  however,  the  inoculated  ruts  exhilût  a  more  serious  illness: 
the  bacilli  multiply  at  the  point  of  inoculation  and  excite  the 
formation  of  an  extensive  oedema,  rich  in  serous  fluid,  transparent^ 
and  very  ])oor  in  leucocytt^.  It  is  only  later  tliat  tlit-sf  cells  inter- 
vene in  any  considerable  number.  TIjc  exudation  becomes  thicker 
and  turbid,  the  numerous  white  coipuscles  devour  the  bacilli  and 
cause  their  disajipearance.  Under  the  influence  of  this  markeil 
reaction  the  animals  in  naost  Cîises  recover,  jis  has  already  been 
established  by  Fnuik\  But  even  in  tliose  individuals  which  succumb 
to  anthrax  death  occurs  more  or  less  tardily,  an  examination  of  the 
intenial  organs  then  revealing  a  considerable  phagocytic  reaction. 
The  spleen,  often  of  enormous  size,  contains  numerous  macrophages 
which  are  filled  with  normal  or  more  or  less  altered  bacilli.  In  the 
liver  these  macrophages,  wliich  have  devoured  several  microphagea 
and  some  bacteria,  are  also  found  (Figs.  22  and  23). 

When  instead  of  bact-LTJa  in  the  condition  of  ro<ls,  anthi-ax  spores 
are  inoculated  subcutiineovisly  or  into  the  anterior  chamber  of  the 
eye,  we  can  observe  their  gennination.  There  is  developed  a  whole 
generation  of  bacilli  which  behave  like  those  we  have  already 
described,  that  is  to  say,  they  excite  an  exudation  and  are  ultimately 
digested  within  the  phagocytes  (Figs.  24  and  25).  All  these  pheno- 
mena of  phagocyto^iK  I  described  in  «letatl  more  than  ten  years  ago 
in  my  memoir  on  the  anthrax  of  rats-.     Since  then  not  a  single 

'  Cenlralbl./.  Bacteriol.  u.  Parantenk,  Jena,  1888,  Bd.  IT,  8S.  710,  737. 
*  Ann.  de  t'lrut.  Paateur,  Paris,  1890,  t.  IT,  p.  193. 
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fact  has  been  brought  furward  to  invaliilate  the  results  there  set 
forth. 
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Fio.  33.    UnoToplugc  from  the  liver  of 
•  rtt  tJT«ctcd  vith  ikDthrax. 


Fio.  23.  Macrophage  contaimog 
bacilli,  from  the  liver  of  a  rat 
«ffeoted  with  anthrax. 


Hovr  ia  this  paradoxical  fact  to  be  explained,  that  anthrax  which 
prows  in  the  br^ly  of  the  i*at,  there  setting  up  a  disease  iikul-  ur  less 
gruve  and  sometimes  fatal,  is  so  readily  destroyed  by  the  se-rum  and 


F>0.  M.    Microyihage  of  rat 
filled  with  bacillL 


Fia.  n.  Two  micro- 
phagM  of  rat  that 
have  ingested  bacilli. 
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blood  when  removed  from  the  organism  ?  From  numerous  experi- 
[165]  ineiiH  carried  out  by  Hankiu'  and  by  Roux  and  myself-,  it  ha«  been 
demonstrateil  that  the  bactericidal  power  of  the  fluide  of  the  rat 
ciiiuiut  be  invoked  as  the  cause  of  the  animal's  resistance  to  anthrax. 
Those  nits  which  show  themselves  very  susceptible  to  tliis  disease  and 
die  from  anthnix  infection,  funiish,  nevertheless,  a  serum  that  will 
prevent  antlirax  in  otlier  nits,  and  which  will  protect  even  mice  into 
wiiicli  the  biicilli  have  been  iujectecL  Iliits  into  wliich  we  inoculate 
on  one  side  of  the  body  a  little  anthrax  culture,  and  on  the  other 
side  the  same  quantity  of  bacilli  niixeil  with  blood  serum  from  the 
same  animal,  manifest  oedema  at  the  former  place  only.  It  is  from 
this  latter  point  that  the  general  infection  takes  place,  the  side  where 
the  anthrax  bacilli  mixed  with  serum  was  introduced  remaining 
unaftected.  Sawtchcuko^,  who  has  investigated  the  immunity  of  the 
lat  ill  my  lalwratory,  has  to  the  facts  just  mentioned  added  the 
observation  that  when  the  injection  of  bacilli  causes  haemorrhage 
the  rat  survives.  When,  on  the  contrary,  the  injection  is  made  with 
a  fine  needle  and  without  effusion  of  blood,  the  rat  contnicts  a 
fatal  anthrax. 

It  follows  from  these  facts  that  the  blood,  immediately  it  has 
[166]  escaped  from  tlie  vessels,  undergoes  a  change  in  its  composition  and 
becomes  bactericidal  for  the  anthrax  bacillus,  whilst,  ivhen  it  is  circu- 
lating in  the  orgsuiism,  it  exhibitis  no  such  power.  Sawtchenko  has 
studied  the  substance  in  the  serum  which  kills  the  bacilli  and  has: 
demonstrated  that  it  will  resist  heating  to  .56"  C.  ;  even  when  heateii 
to  ore.  the  serum  still  exercises  a  certain  amount  of  bactericidal 
power  for  very  attenuated  bacilli  (  Pasteur's  first  vaccine^  Researches 
on  the  distribution  of  this  bactericidal  power  in  the  living  rat  have 
convinced  Sawtchenko  that  none  of  it  passes  into  the  fluid  of  the 
passive  oedema  set  up  by  tlie  slowing  of  the  circulation,  nor  into  that 
of  the  active  oedema  developed  as  the  result  of  the  inoculation  of 
anthrax  bacilli.  He  observed  that  even  the  bacillus  of  Pasteur's  first 
vaccine  grows  abundantly  in  the  ocdematous  fluid  produced  by  the 
injection  of  virulent  bacilU.  The  peritoneal  lymph,  however,  exerta 
a  very  marked  bactericidal  action  on  the  bacilli.  Having  demon 
atrated  this  fact  Sawtchenko  put  to  himself  the  question  :  May  not 
the  great  diflerence  between  the  action  of  these  fluids  depend  on  the 

*  Centralbl.f.  Dacteriol.  u.  Paragitenk.,  Jena,  1891,  Bd.  Ii,  8S.  336,  372. 

*  Ann.  de  t'Intl.  Pfuteur,  Paria,  1891,  t  v,  p.  479. 
»  Ann.  de  I'lntt.  Pcuteur,  Paria,  1897,  t  xi,  p.  8G5. 
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et  that  the  lympli  is  rich  in  leucocytes,  whilst  in  the  fluid  of  the 
(ledetna  they  are  almost  absent  ?  Pursuing  this  question,  Sawtcheiiko 
made  u  comparative  study  of  the  bactericidal  power  of  the  serum, 
prepared  outside  tlie  bo<ly,  and  of  the  blood  plasma  obtiiined  by 
means  of  an  extract  of  the  hcatls  of  leeches,  and  he  concluded 
from  hi»  researches  that  the  bactericidal  substance  circulates  in  the 
plasma  of  the  living  rat  and  that  it  is  not  derived  from  the  micro- 
phagcs,  but  must  be  looked  upon  r.ather  as  a  secretion  of  the  macro- 
phages in  the  bloo<l  and  of  endothelial  cells.  This  result  was  not 
confinned  by  Gengou^  who  also  t«X)k  up  the  study  of  this  importîint 
quebtion  in  n»y  laboratoiy.  Instead  of  preparing  the  plasma  by 
inciuis  of  the  addition  of  an  extract  of  leeches  he  made  use  of 
ft  method  much  more  perfect  and  free  from  sources  of  error.  He 
introduced  no  foreign  substance  capable  of  affecting  the  results  of  his 
ex|K'rim«'nts.  Collecting  the  rat's  blood  in  panilBiied  tubes,  and 
oentrifug^dising  it  in  sinnlar  tubes,  he  obtoiiied  a  fluid  wluch  ap- 
proaches nuu^h  nioi-e  closely  the  pl.isnia  of  circulating  Wood  than  does 
eerum.  This  fluid,  however,  will  coagulate  at  the  end  of  a  fairly  long 
interval,  which  proves  that  it  cannot  be  looked  up«in  as  blooil  plasma. 
Geugou  examined  the  bactericidal  power  of  the  fluid  portion  of  the 
"plîisma,"  obtsdned  by  the  process  just  descrilxKl,  on  the  anthrax  [i 
bacillus,  and  also  that  of  serum  prepared  in  tubes  in  the  ordinary 
way.  The  difference  between  the  two  fluids  is  very  marked  ;  whilst 
the  serum  destroys  the  bacilli  sown  in  it  very  rapidly  and  dissolves 
their  contents,  the  fluid  of  the  "plasma"  has  no  similar  action. 
Tl»o»e  results,  confirmed  several  times,  demonstrate  very  definitely 
tiiat  the  plasma  of  the  circulating  blood  does  not  contain  any  bac- 
tericidal substance.  This,  during  the  life  of  the  animal,  is  found 
in^side  leucocytes  and  only  e8cai)es  from  them  when  the  cells  burst 
or  undergo  profound  lesions,  this  taking  i»lucc  when  the  clot  ia 
foruted  and  when  the  scrum  is  prepared  outside  tiie  orgiuiism,  or  in 
the  efluscMl  and  coiigulated  blood,  or  again  in  the  peritoneal  lymph 
during  phagolysis.  This  pliagolysis  is  inevitably  produced  as  a  result 
of  rapid  injection  of  foreign  fluids  into  the  peritoneal  cavity,  e.ff. 
of  broth  or  of  physiological  salt  solution,  couUdning  bacteria  in 
euspension. 

Tlic  facts  we  have  brought  together  on  the  subject  of  anthrax  in 
nts  form  a  whole  whose  several  parts  are  in  complete  harmony.  Tho 
phagocj'tes  of  this  s}X!cies  of  nxlent  contain  a  bactericidal  ferment^ 

Ann,  tin  r/rut.  Pnttcur,  Paris,  1901,  t  XV,  p.  232. 
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a  kind  of  cytase,  Miiich  resists  temperatures  approaching  60'  C.  This 
cytase  is  very  active  against  the  bacilli,  but  in  the  living  animal  it 
can  only  act  within  the  phagocytes,  or,  in  a  transitory  and  incomplete 
fasliion,  outside  these  cells,  when  phagolysis  is  taking  place  in  the 
peritoneal  canity.  The  resistance  offered  by  the  rat  to  anthrax 
depends,  then,  on  this  i>hagocyt!C  activity.  For  its  uiauifestition  it  is 
necessary,  first  of  all,  that  the  phagocytes  should  manifest  a  jjositive 
chemiotaxis  for  the  bacilU,  and  then  that  they  should  seize  and  ingcs^_ 
these  organisms.  These  are  the  vital  acts  that  decide  the  result  a^| 
the  struggle.  When  the  pliHgocytes  show  themselves  inactive  the 
bacilli  midtiply  in  the  oedeniatous  fluid  which  contiiius  no  bacteri- 
cidal cytjuse,  and  pass  into  the  plasmas  of  the  lyuiph  and  of  the  blood, 
wliich  also  are  incapable  of  killing  these  bacteria.  The  animal  may, 
then,  die  of  anthrax,  in  spite  of  the  presence  in  its  body  of  a  large 
fjuantity  of  bactericidal  cytase  which  is  to  be  found  in  situations  to 
which  tlie  bacilli  have  not  iienctrated.  In  those  cases,  on  the  other 
hand,  where  the  ])hagocytes  accomplish  their  function,  where  they 
rush  ui>  to  the  menaced  iwint  and  devour  the  inoculated  bacteria, 
these  bacilli  are  placed  in  contiict  with  the  intracellular  cytase  and 
[108]  umlergo  complete  digestion.  The  organism  in  this  case  gete  rid  of  its 
enemies  and  victoriously  resists  infection. 

Anthrax  in  rats,  then,  presents  one  of  the  most  histructive 
examples  of  natural  immunity.  But  the  detailed  analysis  of  th^J 
mechanism  of  tliis  rcsistîince  demonstrates  very  clearly  the  greii^| 
part  played  by  the  phagocytes  in  this  process.  In  this  respect  the 
organism  of  the  rat  presents,  in  a  general  fashion,  a  great  analogy 
to  the  natural  immunity  of  the  dog,  of  birds,  and  of  other  repre- 
sentatives of  the  animal  kingdom  that  we  have  examined.  Under 
these  conditions  it  is  useless  to  insist  at  any  length  on  other  examples 
of  resistance  agahist  antlirax  which,  mor-cover,  have  relation  much_ 
more  often  to  a  natural  immunity  against  attenuated  bacilli  than 
one  against  true  anthnix  virus,  iLibbits  and  guinea-pigs,  so  sensitive 
to  this  virus,  often  resist  the  inoculation  of  Pasteur's  vaccines.  The 
rabbit  is,  in  general,  refractory  to  the  first  anthrax  vaccine  ;  it  may 
even  resist  the  second  vaccine.  The  guinea-pig,  a  more  sensitive 
animal,  does  not  exhibit  any  natural  immunity  except  against  the 
first  vaccine.  In  all  tliese  cases  the  mechanism  is  similar  to  that 
which  the  rat  and  the  dog  oppose  to  vindent  anthrax.  The  bacilli, 
into  whatever  part  of  the  body  they  are  injected,  set  up  an  exudative 
inflammation  which  brings  up  a  large  number  of  leucocytes  to  the 


ic^i 
iv^^ 


[mmunity  against  pathogenic  micro-organisiiia    159 

point  me naccil.  These  cells  reudilj'  exert  their  phagocytic  function 
und  rid  the  organism  of  the  introduced  bacteria.  In  order  to  obtain 
a  complete  grasp  of  the  part  played  by  this  reaction  it  will  be  found 
u^fij  to  inject  l)eneath  the  ^kin  of  one  ear  of  a  rabbit  a  little  anthrax 
vaccine  and  beneath  the  skin  of  the  other  the  same  quantity  of  \irulent 
Inicilli.  The  difference  between  the  reaction  in  the  two  cases  is  very 
striking.  The  ear  inoculated  with  vaccine  soon  becomes  the  scat  of  a 
circumscribed  inflammation  with  a  pundent  exudation,  all  the  bacilli 
in  which  have  been  devoured  by  the  leucocj'tes.  The  other  ear,  on 
the  contrary,  presentsJ,  around  the  injectc<l  vims,  only  a  serous  or 
blood-tinged  exudation  containing  no,  or  few,  leucocytes  ;  the  bacilli 
»re  found  fi-ee  in  the  liquid  and  multiply  without  let  or  hindrance. 
Meeting  with  no  opposition  the  virus  becomes  generalised  througli- 
.out  the  organism  and  brings  on  death  by  anthrax  septicaemia, 
ibbits,  into  which  anthrax  vaccines  only  are  introduced,  oppose  to 
the  invasion  of  the  bacilli  a  leucocytic  banner  whicli  arrests  their 
extension.  The  natural  imnuiiiity  of  the  sheep,  rabbit  and  guiuea- 
[pig  is  also  a  phagocytic  immunity,  but  it  is  only  capable  of  being 
ïxcrcisc^l  against  bacilli  previously  attenuated  in  virulence.  Tlie[i69] 
«irches  of  Mme  Metchnikotr^  on  the  reaction  of  the  phagocytes 
the»e  animals  to  the  bacilli  of  Pasteur's  two  anthrax  vaccines  have 
deraonstnited  the  importance  of  the  destruction  of  these  bacilli  by 
Uie  leucocytes.  All  the  otiier  examples  of  natund  immunity  against 
^anthrax  are  also  merely  relative.  The  fowl  that  resists  an  anthrax 
rims  strong  enough  to  kill  an  ox  or  a  horse,  succumbs  to  a  special 
iety  of  anthrax  cultivated  by  Levin".  The  dog,  as  we  have  seen, 
spite  of  its  pronounced  natural  immunity  against  anthrax,  is  killed 
by  the  special  anthi-ax  bacillus  prepared  by  Martel. 

In  this  immunity  against  anthrax  we  have  to  deal  with  a  bacillus 

[capable  of  living  and  reproducing  itself  in  exti-emely  varied  media. 

Heuce  the  reason,  it  may  be  said,  that  the  bactericidal   influence 

of  the  fluids  is  so  little  pronounced  in  this  case.    To  bring  it  into 

relief  we  must,  therefore,  choose  a  bacterium  less  ca]}able  of  iulapting 

jitf^lf  to  the  chemical  composition  of  various  culture  media.     In  this 

linattcr  we  cannot  do  better  than  select  pathogenic  sitirilla  of  ex- 

Itreniely  delicate  nature  and  analyse  the  mechanism  of  the  natural 

I  immunity  of  certain   species  of  animals  with  respect  to  them.    It 

I  must  not  be  forgotten,  however,  that  here  we  are  making  use  of 

'  Ann.  elf  r/titt.  Piuttur,  Paria,  1891,  t  v,  p.  145. 
*  "  Oni  Mjailbraud  ho»  llOns,"  Stockliulni,  1S87. 


f/s^tuié'ft^Ml'rf*»  f4  iM  iniliMrMj  mmII  oimnritj  «f  patiinepmc  hncrssia. 
>V   ff»»^^tt,j  ^*t*-ttiirJl^(t^  th«  smthrur  hagSbm  kt  âe  Ibcflûrr  vich 

YM»  »f|i^>fK»M  ^4  fp/cnffKtA  fer«r  r/  mem  < SfmrviuKtii  fiherwuftfert* 
wn*  th*,  ^f«ft  ffiMt*>v.*fMt'  tt^«^in  fomtd  m  aa  aofeetrre  «fise^e 
/fMfri/Mf  htttfrtttt,  l;»*//y«r«I  *  thrrd  of  a  eetitiirr  açoy  it  bas  posed 
thtfrttt(tt  t.it*t  UmhU  t4  tJhf,  ttifM  ftkilfnl  bactériologiste,  wiio  have  tried 
hU  fi<t»*\i4t*  ui*tlini*U  //f  rfriltivatin^  it  ont^ide  the  bock.  Kodi  him- 
nhif  ff}«>/1  f/»  N/>lv^  iUti  fmtU\(rw,  tmt,  in  «ptte  of  bis  incomparable 
nit  ill,  /ll<l  Ufa.  nuv4'4'4u\.  i/nUrr,  HakharrrfrS  at  Tiflig,  discoTered  a 
M|(trlllMiri  tf«ry  nUuiUtr  in  npfHTtmuice  which  produced  a  &tal  septi- 
«'MKttili»  ill  Mm*  KO(ml^  !(«%  uImo,  tric^l  to  cultivate  it,  bat  in  vain.  His 
NHM'oaflON  Imtii  ii"(,  Ihk^ii  morn  fortunate  in  this  respect    Here,  then, 

|lrii|iHi'  I'Wii  iiili'i-o  oi'((iMil<iiriM,  iiKHiftMt  which  natural  immunity  should  be 
«'M«lly  III  1(41 1  Hit  I  ill*  itiiil  in  n  fiwthion  quite  other  than  that  against 
MliilililH.  Niilliititt,  liiili*o(l,  Im  more  frequent  than  examples  of  yery 
HlittiJM  iMihiiiil  hnniiiiilfy  m^hIiinI  thu  Hpirilla  of  Obermeyer  and  of 
Mukhtilitir.  Am  I  nUliiMl  to  otituin  u  dear  idea  of  the  mechanism  by 
m\\W\\  (Im*  udlmm  |iIk  \v»Mn  ii^{(<oUons  of  the  spirillum  of  goose 

hM|*^*l*(l*^^*'***l**  itV^tAiM'AiM'ff*  iiiijrmi(t')  I  nmdo  ii\)ection8  of  goose's 
IvItHtit,  o\mli«luluM:  t^  «U^i^i'^'^v  of  tht^Mo  orpuiisms,  into  the  peritoneal 
\H\s\\.\  of  làutuiMt  \\\\i\  ThlN  it\JtH«t)on.  1)8  usual,  causes  the  disap- 
|»vH«iM»w  v>f  UM«t  of  U«o  lom^Hnio*.  as»  tho  result  of  a  very  marked 
^«I^Att^A^«Uv  NVo  k«uo\  \\\nU  undor  tlu'eio  ctnulitions.  the  damaged 
(yi^sHV.xU^  mU\«>^  a  wvlt^iii  qunuUty  \\f  the  liacteriritial  cytase  to 
^>*s'^|H>'  Iw  'H^lv  of  {M*  U»o  »)«iri)Uft  rt'nwiu  intact  and  exhil^t  very 
4n^)\v  xmsvxn^)*»^^^!'»  <w  <h*^  |H*rit\M<*f««U  oxxuUiKhw  Tlik  exudation,  after 
A  ^s^*ss<  nv»'  ^h>K'^vv(>'!*k  «Kk'l^  kft*l*  Rvr  t*\^  *v  thtve  koai^  besins  to 
W  *«i\sX\Ni  Ai^WH  >*«h  k^wwxu-*  whWh  cv***"  w|»  in  incx«aàns: 
>*ia>v!;n^'s  !^  ^v,^  »NsM  vKs^  ^^^  |*«vxv«t  lite  $|«nltft  aK^nasr  alMMt  with 
i*>s«^  -.<;-iv'\\  iNv^<  ^Av<;^  ^>«ï*  *ft«-  tït*  w^^-ttoa  rf  sw««s  biood 
>*v  v<«'''  '»  *Vv  ■♦"«.\>  vx^^vtwN^  *."«>v  $ç«?t!;U  Ji;»».*iM:  »  Ikirxit  aMaabn-of 

•\v  sx>  «'.»>«>  ««.'v  ,'.  >;w  S\\-vx  >.'«"  îis'  ^.N-tsf.     h  »  »«  «tfiS  SttiT  s&tfts 
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observer  is  drawn  to  certain  macrophage  leucocytes  which  throw  out 
one  or  two  conical-looking  processes  (Figs.  26—28).  These  pseudopodia 


Fia.  26. — Leaoooyte  of 
guinea-pig  in  the  act  of 
ingesting  two  spirillA. 


Fio.  27.— The  same  leneo- 
oyte,  half  on  lioar  later. 


Fio.  26. — The  same  lenoo- 
eyte,  ten  minâtes  later 
than  Fig.  27. 


attach  themselves  to  spirilla  which  exhibit  very  violent  movements 
as  though  wishing  to  extricate  themselves  from  the  grasp  of  the 
leucocyte.    Sometimes  the  spirillum  succeeds  in  escaping,  but  usually 


Fio.  29. — Leucocyte 
of  guinea-pig  in 
the  act  of  ingest- 
ing a  Tery  actire 
spirillum. 


Fio.  80 The  same 

leucocyte,      forty 
minutes  later. 


Fio.  81 The  same 

leucocyte,  half  an 
hour  later  than 
Fig.  80. 


it  becomes  surrounded  by  the  protoplasm  and  sinks  more  and  more 
«leeply  into  the  substance  of  the  leucocyte.  Even  when  almost 
surrounded  the  free  part  of  the  spirillum  still  continues  to  move 
(Figs.  29 — 31).  These  movements  cease  only  after  the  complete 
B.  11 
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ingestion  of  the  spirillum.     Once  inside  the  phagocyte  the  spirillum 
is  digested  and  soon  becomes  unrecognisjtlile. 

Recently,  Sawtclicuko'  took  iidvantage  of  an  epidemic  of  recuiTSUt 
fever  at  Kazan  to  make  similar  iurcstigations  on  the  natural  ini- 
nuinity  of  the  guinea-pig  against  Obermeycr's  spirillum.  He  observed 
that  these  orgatiisuis,  when  injucted  into  tlie  peritoneal  cavity, 
remained  tliere,  alive,  for  24  and  even  30  houi-s,  whilst  these  same 
spirilla,  when  kept  at  37°  C.  outsiile  the  organism  in  their  natural 
medium,  died  at  the  end  of  some  (4 — 7)  hours.  The  injection  of 
[172]  human  serum  contiiiiihig  spirilla  into  the  ])eritoneîd  cavity  of  guinea- 
pigs  set  up  a  pliagolysis  succeeded  by  a  considerable  afflux  of 
leucocytes.  In  spite,  however,  of  the  arrival  of  quite  an  army  of 
these  cells,  the  spirilla  continued  to  move  rapidly  ;  for  a  long  time 
they  evaded  the  pluigocytcs  which,  however,  in  the  end  always 
ingested  them.  But  it  is  only  the  macro|>hages  which  fulfil  their 
phagocytic  function  i^Figs.  32  and  33)  ;  the  microphages  obstinately 
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Fia,  32. — Mocrophftgo  of  guinea- 
pig  micd  with  Bxiixilla  of  recur- 
rent (ever  (after  Sawtcheoko). 


Fw.  83. — Macrophage  of  guinea- 
pig  containing  three  SpiroclmeU 
obermeyeri  (after  Sawtchenko), 


exhibit  an  absolutely  negative  chemiotaxis.  Now,  as  the  macro- 
pliages  do  not  make  their  way  into  the  peritoneal  cavity  until  after 
the  micropliimcs  have  appeared,  it  is  easy  to  understjind  that  phago- 
cytiL-^is  CUM  «nily  take  place  at  a  late  iieriod.  Sawtchoiiko  came  to 
the  conclusion  tliat  "  in  the  peritoneal  cavity  of  animals  naturally 
refractory,  the  .>•]>! rochactes  perish  na  the  result  of  a  slow  phagocytosis 
and  not  from  the  action  of  the  bactericidal  substances  of  the  fluids." 

I  Arch,  ruftf*  depalhl.  etc.,  St  Potersb.,  1900,  t  IX,  \\  578;  ami  Kawtchouko  et 
Melluch,  Ann.  de  riimt.  PatUmv,  Paris,  1î)01,  t.  xv,  y*.  n02. 


In  coiifonuity  with  this  result  this  observer  has  often  notrU  the 
ingestion  of  li\ing  spiriUa  by  the  macrophages,  in  hanging  drojis  of 
the  |ïeritt»ncal  exudation  of  inoculated  guinea-pigs.  The  phenomenon 
corresponds  exactly  to  that  described  in  connection  with  tlie  spirilluni 
of  the  goowe. 

In  spite  of  the  great  difference  between  the  spirillum  and  the 
anthrax  bacillus  from  the  point  of  view  of  their  adaptation  to 
liurroiinding  media,  the  general  result  is  the  same  with  both  these 
microlies  ;  animals  endowed  with  iiatui-al  immunity  get  rid  of  them 
through  the  agency  of  their  phagocytes. 

It  would  be  impossible  and  even  useless  here  to  pass  in  review  [173] 
all  the  cases  of  natural  immunity  against  infective  micro-organisms. 
We  must  conscipiently  limit  ourselves  to  several  examides  which 
may  have  an  interesting  bearing  on  the  study  of  the  priiblcm  as 
a  whole.  The  spirilla,  whose  history  we  have  just  recorded,  remain 
in  the  peritoneal  flui<l,  Avithout  change  of  form,  up  to  the  moment 
when  they  are  captured  by  the  macrophages.  Let  ns  see  by  what 
mechanism  the  natural  immunity  against  micro-organisms,  chanicter- 
ised  by  a  very  sjMecial  sensitiveness  to  external  influences  and  by  a 
con.Hi4lcrable  change  of  8hai)e,  is  produced.  The  cholera  vibrio  and  its 
allie»  Itest  satisfy  this  postulate.  When  they  find  themselves  placed 
under  unfavourable  conditions,  these  vibrios  inmiediately  become 
Iraniiformed  into  small  spherical  bodies  which  are  much  more  like 
cocci  than  vibrios.  The  cholera  vibrio  is  pathogenic  for  the  la- 
boratory rodents,  especially  for  the  guinea-pig,  when  a  fairly  large 
quatitity  of  a  culture  is  injected  into  the  peritoneal  cavity.  Against 
smaller  do^es,  however,  the  natural  innnunity  is  a  most  marke<l  one. 
If  we  take  a  nice  of  the  cholera  vibiio  of  medium  virulence,  and 
inject  into  the  peritoneal  cavity  of  guinea-pigs  a  sublethal  dose  of  a 
enllure,  the  following  phenomena  may  be  observed'.  The  inoculated 
vibrios  move  actively  in  the  jieritoiical  fluid,  from  which  almost  all 
the  leucocytes  have  disjipi)eared.  There  remain  only  a  few  lympho- 
cyte» which  appear  to  l)e  indiflVreut  to  the  influences  that  set  u[>  a 
fwd  phagolysir».  But,  little  bv  little,  fresh  leucocytes  come  into  the 
exudation  and  engsigc  in  a  stniggle  with  the  vibrios  which,  so  long  as 
they  arc  free,  reUun  their  curved  form  and  complete  motility.  The 
microphages,  e*ipecially,  swarm  into  the  ix'riloncal  cavity.  Some  of 
them  begin  to  ingest  vibrios,  but  this  phagocytosis  is  at  first  slight 
t^tcr  it  becomet*  nnich  more  active.  The  microphages  and  macro- 
'  Aiut.  de  fliitt.  Patteur,  Paris,  isuô,  t.  ix,  p.  44». 
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phages  seize  vibrios  that  are  evidently  living  and  uninjured,  which, 
sometimes,  may  be  observed  inside  the  vacuoles  of  the  leucocytic 
contents  exhibiting  very  lively  movements.  Once  ingested,  however, 
many  of  the  vibrios  become  transformed  into  round  granides.  This 
cljange  of  shape  is  constant  when  inside  microphagcs,  but  is  com- 
pletely absent  when  inside  macrophages  (Figs.  34  and  35).    Finally, 


Fio.  34. — Microphage  of  gqinea- 
pig  filled  with  cholera  vibrios, 
the  majority  of  which  aie 
transformed  into  granules- 


Fio.  35. — Macrophage  of  guinea- 
pig  filled  with  cholem  Yibrioi 
not  transformed  into  gnuiulea. 


[174]  the  phagocytosis  becomes  complete,  and  the  organism  gets  rid  of  the 
vibrios  solely  by  means  of  this  reaction.  Even  seven  hours  after 
iiyection  of  the  vibrios,  when  the  peritoneal  fluid,  cmnuned  with 
leucocytes,  lias  become  thick  and  turbid,  there  still  remain  a  few 
scattered  vibrios  which  always  retain  tlieir  shape  and  their  normal 
activity.  A  droi»  of  this  exudation,  nuiintained  at  .38°  C  outride  the 
organism,  gives,  in  a  few  hours,  an  abundant  culture  of  very  active 
vibrios.  It  must,  therefore,  be  concluded  ttiat  the  fluid  part  of  the 
exudation  was  powerless  to  destroy  the  vibrios  or  even  to  render 
them  motionless,  whilst  the  living  leucocytes  have  showu  themselves 
capable  of  ingesting  and  digesting  them.  The  peritoneal  exudation, 
withdrawn  at  a  period  when  it  no  longer  contains  any  free  vibrios, 
still  gives  cultures  of  the  organism  for  some  time.  Soon,  however, 
there  comes  a  i)eriod  wlien  tlie  inoculated  exudation  remains  sterile, 
this  proving  tliat  tlie  vibrios,  inge-sted  in  a  living  state  by  the 
phagocytes,  have  at  length  been  killed  by  the  micropliages  and 
macrophages. 


Immunity  againsi  pathooenic  mlcro-onjanisms 

Wlicn,  instead  of  cholera  vibrioa  of  medium  virulence,  Tve  take 
tt  variety  couipletely  deprived  of  pathogenic  activity,  it  is  gometimes 
observed  that  certain  of  these  organisms,  when  injected  into  the 
peritoneal  cavity  of  the  normal  guinea-pig,  become  transformed  into 
spherical  gi-anules  in  tiie  fluid  of  the  exudation  without  any  direct  [175] 
co-operation  of  the  phagocytes.  This  transformation  into  gramdes 
w  first  stuilied  by  R  Pfeiffer'  and  hence  has  been  termed  Pfeifler'a 
phenomenon.  It  is  of  limited  occurrence  in  natural  initaunity  and  is 
producetl,  as  I  have  been  able  to  demonstrate,  only  under  certain 
well  deflned  conditions.  Pfeifl'ers  phenomenon  is  observed  in  the 
l»eritoncHl  fluid.  It  commences  soon  after  the  injcctiou  of  the  vibrios 
and  takes  place  during  the  j)eriod  of  phagolysis.  In  other  parts  of  the 
lK)dy  of  the  guinea-pig,  notably  in  the  subcutaneous  tissue  and  in  the 
anterior  chamber  of  the  eye,  Pfeiff'er's  phenomenon  does  not  manifest 
it«elf  ;  the  animal,  none  the  less,  resists  the  inoculation  of  the  vibrios. 
Even  in  the  peritoneal  «ivity,  mureover,  it  is  easy  to  check  the 
granular  transfonnation  of  the  vibrios  by  means  which  prevent  the 
pro<luction  of  phagolysis.  When  we  inject  into  the  peritoneal  cavity 
of  a  guinea-pig  a  foreign  fluid,  capable  of  exciting  the  j)hagocytic 
action,  e.g.  veal  broth,  physiological  salt  solution,  urine,  etc.,  we  first 
excite  a  transitoi7  phagolysis.  To  this  stage  succeeds  another  in 
which  the  leucocytes  bccon^e  very  numerous  and  much  more  resistant 
than  before.  If  we  take  advanUige  of  this  period  of  leucocytic 
stimulation  to  inject  vibrios  which  have  been  attenuated  as  much  as 
poeeible,  we  shall  observe  that  they  soon  become  the  prey  of  the 
peritoneal  phagocytes,  without  manifesting  any  sign  whatever  of 
Pfeiffer's  phenomenon. 

It  is  evident,  then,  that  this  extracellular  destruction  of  the 
vibrios,  sometimes  observed  in  the  peritoneal  cavity,  is  really  the  work 
of  the  microcytase  that  has  escaped  from  the  phagocytes  during  their 
period  of  transient  injury. 

Having  analysed  the  mechanism  of  natural  immunity  against 
certain  liacilU,  spirilla  and  vibrios,  it  will  be  interesting  to  deteimine 
whether  the  same  rules  are  to  be  apjilied  in  the  case  of  the  cocci. 
Choice  is  not  diflicult  since  we  may  eqiuUIy  well  fix  upon  the  staphylo- 
oocd,  the  pneumococci,  streptococci  or  gouococci.  Should  we  decide 
upon  the  streptococcus  it  is  solely  because  the  natund  immunity 
Sgiunst  this  micro-organism  has  attracted  the  special   attention  of 

'  Zitchr.f.  Hijg.,  Leipzig,  1894,  Bd.  xviu,  S.  I. 
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seveitil  observers.  A  second  ïulvantage  of  the  streptococcus,  however, 
is  the  high  degree  of  uatural  immunity  matûfested  against  it  by 
[176]  H  laboratory  animal  so  convenient  as  the  gninea-pig.  Dr  Jules 
Bordet'  studied  this  subject  in  my  lalmratory.  Ue  observed  tliat  the 
injection  of  streptococci  into  the  peritoneal  cavity  sets  up  a  marked 
leucocytosis  which  ends  in  a  complete  destruction  of  the  micro- 
organisms. The  leucocytes  rapidly  ingest  the  great  majority  of  the 
streptococci  and  destroy  them  ;  there  remain  only  a  few  isolated  and 
free  individuals  which  arc  protected  by  a  clear  zone  (aoreola)  whicli 
develops  around  them,  but  in  the  end  they  also  become  the  victims 
of  the  voracity  of  the  phagocytes.  When  we  increase  the  dose  of 
streptococci  injected,  phagoc\i«sis  still  goes  on,  but  some  of  the 
streptococci  succeed  iu  escaping,  and  we  see  a  new  genei-ation 
produced  which  is  distinguished  by  the  thickness  of  the  protective 
aureola.  In  spite  of  the  afflux  of  a  large  number  of  leucocytes, 
they  no  longer  ingest  the  streptococci  and  généralisation  of  the 
infection  results,  followed  by  the  death  of  the  animah  Natural 
immunity,  then,  can  be  suppressed  under  certain  definite  conditions. 
Dr  Jules  Bordet*  wished  to  satisfy  himself  whether  the  leucocytes 
failed  to  fidfil  their  phagocytic  function  beciuise  of  the  paralysis  of 
their  movements,  or  as  the  result  of  some  otlicr  Avcakuoss.  With 
this  object  he  injected  into  the  peritoneal  cavity  of  guinea-pigs,  at 

the  moment  when  the 
streptococci  begin  to  get 
the  upper  hand  of  the 
leucocytes,  a  definite  quan- 
tity of  a  culture  o^  Proteus 
vuhjaris.  These  small 
bacilli  in  a  short  time 
become  the  jirey  of  jdiago- 
cytea  which,  liowevcr,  still 
refuse  to  ingest  strepto- 
cocci(fig.36).  Thereisthua 
in  the  peritoneal  cavity  a 
kind  of  selective  process 
as  regards  the  ingestion 
of  these  microbes.  The  Protects  disappeai"s  as  tlie  result  of  jihago- 
cytosis,  whilst  the  strejitococci  thrive  in  the  fluid  of  the  exudation 

>  Ann,  de  VIntl.  Patteur,  Paris,  1897.  t.  xi,  p.  177. 
'  Ann,  de  I'Init.  Patteur,  Paris,  \^^6,  t  x,  p.  104. 


Flo.  S6.— Peritoneal  esudation  from  Ruineo-pig 
showing  free  atreptCK>occi  nnd  niiorophages 
that  liavc  ingested  ProUiu  bacilli. 


kI  cotitinue  to  multiply.  Tliis  experiment,  which  rcivdily  ancceetls, 
ileraonstrates  very  clearly  the  diftbrence  between  the  positive  sus-  [177] 
oefitibility  of  the  leucocytes  (with  respect  to  the  Proteus)  and  the 
negative  (with  respect  to  the  streptococcus),  Bordet,  in  aceordnnce 
with  tlie  view  now  generally  accepted,  regards  this  sensitivenciss  as  a 
chemiotaxis,  that  is  to  say  a  perception  of  the  chemical  composition 
of  the  surrounding  medium.  It  nnist  be  admitted  that  the  substance 
uhich  excites  the  cheniiotaxin  of  the  leucocytes  does  not  i-eadily 
diffuse  and  may  not,  therefore,  be  found  in  a  state  of  solution  in  the 
plasma  of  the  peritoneal  exudation.  Otherwise  the  leucocytes  would 
refuse  to  ingest,  not  only  the  streptococci,  but  also  the  small  Proteus 
bftciin,  bathed  in  the  same  repellent  fluid.  It  is  more  probiible  that 
the  snbstance  which  excites  the  negative  chemiottixis  t»  contained  in 
the  aureola  that  surrounds  the  streptococci,  from  which  it  only 
escapes  with  difficulty  and  for  a  short  distance. 

Marchand'  continued  the  investigation  of  the  same  sidvjcct  in 
Denja'  laboi'at<^^>ry  at  Lonvain,  He  studied  the  natural  resistance  of 
the  guinea-pig,  rabbit  and  dog  against  the  streptococcus,  lie,  also, 
came  to  the  conclusion  that  phagocytosis  constitiites  the  principal 
means  of  defence  of  these  mammals  in  their  struggle  against  one  of 
the  most  formidable  of  the  pathogenic  micro-organisms.  Starting 
from  H  single  colony,  Marchand  obtained  two  distinct  races,  one  very 
vinilent  for  the  rabbit,  the  other  encountering  a  most  effective 
natural  resistance.  This  resistance  is  due  to  the  activity  of  the 
phagocytes  which  destroy  the  streptococci  in  the  ordinary  fashion. 
He  states  as  the  general  result  of  his  investigsition  that  "an  at- 
tennateil  streptococcus  is  a  streptococcus  readily  devoured  by  phago- 
cytes" whilst  "a  very  virulent  streptococcus  is  a  microbe  that  is  not 
attacked  by  the  leucocytes,"  and  he  adds  that  "a  streptococcus  is 
virulent  l^cause  it  is  not  devoured  by  phagocytes  "  {I.e.  p.  270).  Up 
to  this  point  the  views  of  Marchand  are  in  accord  with  those  of 
Bordet  ;  but  here  they  diverge,  in  fact  as  soon  as  it  becomes  a 
({tieiition  of  the  explanation  of  the  origin  of  the  difference  iu  the 
behaviour  of  the  leucocytes.  Marchand  refuses  to  apply  the  thenry 
of  chcroiot;vxis  and  asserts  "  that  the  phagocytosis  depends  on  some 
physical  property  of  the  streptococcus  and  is  conseijuently  depen- 
tlent  on  the  tactile  functions  of  the  leucoc}'te8"  (p.  ^92).  The 
experiments  upon  wliicii  lie  fowuls  his  conclusion  cannot,  however, 

>  Arch,  de  méd.  exper.  et  d'anat.  path.,  Tiiria,  1898,  t.  x,  pi  253. 
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be  regarded  as  absolutely  demonstrative.  Thus,  Marchand  observe 
[178]  that  the  attenuated  streptococci,  when  conveyed  in  the  culture- 
tluid  of  the  virulent  variety,  are  as  readily  devoured  by  the  phago- 
cytes as  when  they  were  injected  alone.  According  to  him,  therC'^J 
fore,  there  was  in  the  culture-fluid  of  the  virulent  streptococcui^| 
no  soluble  substitnce  capable  of  exciting  the  negative  chemiotaxis 
of  the  leucocytes.  But  is  it  quite  proved  that  this  substance  oiu^t 
necessarily  pass  into  the  filtrate  of  a  virulent  culture?  If  it  adheres 
closely  to  the  glairy  aureola,  as  we  have  suggested,  may  it  not  remain 
behind  with  the  bodies  of  the  streptococci,  without  passing  througl 
the  filter  in  any  appreciable  amount?  The  question  cannot  be  re 
gar<led  as  definitely  settled,  but  probability  ai>pear3  to  be  ou  the  side 
of  the  theory  of  cheniiotaxis.  ^_ 

Marchiuid  also  investigated  whether  the  immunity  against  th^f 
attenuated  streptococcus  might  not  be  explained  by  the  bactericidal  ' 
activity  of  the  fluids  of  refractory  animals.  His  results  were  utt^ 
varying  and  definite.  The  blood  serum  of  his  animals  never  ei 
hibitcd  any  bactericidal  power  against  the  streptococcus,  and  the 
attenuated  race,  like  the  virulent  one,  grew  well  in  the  serums  0^_ 
the  rabbit,  dog  and  guinea-pig.  ^f 

More  recently,  Wallgren'  has  tfikcn   up   the  study   of  the  im- 
munity and  su.*ceptibility  of  rabbits  with  respect  to  the  streptococcus. 
His  conclusions  are,  on  the  whole,  in  accord  with  those  of  his  pre- 
decessors.    He  found  that  if  the  injected  streptococci  were  not  very 
vinilent  phagocytosis  begaii  inunediately  after  the  injection  into  tk^^ 
peritoneal  cavity  and  continued  as  long  as  there  were  any  streptc^f 
cocci  to  be  attacked.     In  those  cases,  on  the  other  hand,  where  the 
streptococcus   was  endowed  with   a  greater  virulence,  a  transitor^^ 
phagocytosis  took  place  at  the  beginning  of  the  infection  ;  but  th^H 
streptococci  soon  succeeded  in  aclajfting  themselves  to  the  struggle 
with   the  leucocytes  and  kept  them  at  a  distance.     The  multipli- 
cation of  the  streptococci  could  then  go  on  without  restraint  and 
the  animal  soon  succumbed  to  a  generalised   infection.     Wallgren 
considers  that,  in  the  defence  of  the  organism  against  the  strepto- 
coccus, the  products  of  the  destroyed  leucocytes  may,  sometimes, 
play  a  part. 

As  the  mcctianisin  of  nattiral  immunity  against  the  groiips 
bacteria — bacilli,  si)irilla  (and  vibrios)  and  cocci — presents  a  very  great 
analogy  in  all  three,  it  might  be  considered  superfluous  to  continue 

^  Hieijla'i  Beitr.  s.jiatL  Anat.,  Jeua,  189£>,  Bd.  xxv,  S.  20Ô. 


Immunity  against  pathogenic  micro-organistns     169 


our  analy!*i9  of  this  uliouomenou.     Our  review,  however,  would  \k 
iucuuiplck*  if  we  omilteil  to  talic  note  of  tiie  natural  inununity  of  the  [179] 
animal   organism  against  nticru-organisnis  wliich  are  dlutinguisiied 
by  an  exceptional  toxicity.      The   first   place   in   this  group  must 
undoubtedly  be  assigne<i  to  the  hadllus  of  tetanus. 

It  may  appear  very  inconsequent  to  be  told  that  animals  very 
susceptible  to  tetiinus,  such  m*  the  gin'nea-pig  and  ral)bit,  are  en<lowed 
with  a  natund  immunity  against  the  tetanu.s  bacillus.  And  yet  this 
fact,  paradoxical  as  it  may  seem,  has  been  demonstrated  beyond 
doubt  by  Vaillard  and  his  collaborators  Vincent  and  Rouget'.  When 
a  «mall  quantity  of  a  culture  of  the  tetanus  bacillus  wiis  injecte«l 
into  one  of  the  animals  just  mentioned,  tetanus  was  not  long  in 
declaring  itself.  After  a  period  of  incubation,  certain  muscles  be- 
came .stiff  and  a  teUiuus,  local  at  first,  soon  became  general  and  had 
a  fatal  is-sue.  Now,  when  nuicli  larger  quantities  of  bacilli  are 
inocidated,  but  care  is  taken  to  nd  them  of  the  tetanus  poison  elabo- 
rated in  the  culture-fluid,  the  animals  resist  without  exhibiting  any 
trace  of  tetanus.  This  experiment,  repeateil  many  times,  always 
with  the  same  result,  demonstrates  that  the  tetanus  bacillus,  when 
deprived  of  the  co-operation  of 
the  toxin,  encounters,  in  these 
animals  so  susceptible  to  the 
latter,  a  most  effective  opposi- 
tion. Why  is  this?  It  was 
supposed  that,  in  diseases  like 
tetanus  so  markedly  toxic  in 
character,  the  resistance  was 
in  no  way  dependent  on  the 
phagocytic  function.  Thus 
Vaillard  and  Vincent  were 
quite  prei>ared  to  attribute  no 
share  to  the  phagocyte.*!  in  the 
example  of  natural  immunity 
which  they  had  discovered.  A 
detailed  analysis  of  the  facts 
convinced  them,  Injwevcr,  that 
in   tilts    they    were   in   error. 

Oainea-pigs  anil  rabbits  do  not  contract  tetanus,  after  the  inoculation 
of  a  quantity  of  spores  and  bacilli  of  tetanus  deprived  of  their  toxin,  [I80j 

»  Ann.  Je  I/mI.  I'.ulnn;  I'uri»,  1891,  t.  v,  p.  I  ;  lSi>2,  t.  vi,  p.  3S5;  1803,  t.  TU, p.  755. 


Fio.  87.— Leucocytes  of  ral>biti  filled 
with  telaniu  iporei. 
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solely  because  of  tlie  occurrence  of  very  pronounced  phagocytosis. 
Such  an  injection  is  soon  followed  by  a  very  marked  invasion  of 
leucocytes  which  cram  tliexnselves  with  spores  and  l>acilli  without 
being  in  any  way  inconvenienced  thereby  (Fig.  3/).  Once  the  phago- 
cytes have  devoured  all  these  organisms,  the  lutter  Ijccome  iitcapable 
of  producing  their  morbific  effect.  The  spores  cannot  germinate 
within  the  phagocytes,  but  there  undergo  a  marked  degeneration 
and  finally,  after  a  longer  or  shorter  interval,  dii^appear. 

When,  ou  the  other  hand,  the  tetiinus  bacilli  or  tiieir  spores  are 
accompanied  by  the  prc-formed  toxin,  the  latter,  according  to  Vaillard, 
excites  a  negative  chemiottixis  of  the  leucocytes  which  keep  away 
from  the  organisms  and  which  are  thus  allowed  to  multiply  and 
to  secrete  fresh  quantities  of  toxin.  Tlie  natural  immunity  of  the 
animal's  organism  against  the  tetjinua  bacillus  can  be  suppressed 
whenever  the  phagocytic  defence  is  hampered  in  any  way.  Under 
natural  conditions  it  is  usually  the  adjuvant  micro-organisms  that  aid 
the  tetanus  infection  by  hindering  the  phagocytes  from  seizing  the 
spores  with  sufilcient  rapidity  to  prevent  their  germination.  This 
fundamentîd  result,  established  by  Vaillard  and  Vincent,  has  often 
been  gfunsaid  un  the  evidence  of  insufficient  experiments  (Sanchez- 
Toledo,  Klii>stein,  Roncalij,  but,  ultimately,  its  accuracy  has  been 
completely  confirmed.  Cases  have  been  cited  in  which  the  tetanus 
spores,  deprived  of  their  toxin,  still  set  up  a  fatal  tetanus.  When  a 
small  fragment  of  an  agar  culture  of  tetanus,  previously  heated  to 
85°  C.  for  tlio  purpose  of  destroying  the  toxin,  is  inoculated,  we 
produce  tetanus.  Vaillard  and  lîouget  have  demonstrated  that,  under 
these  conditions,  the  leucocytes  penetrate  merely  into  the  superficial 
layer  of  the  agar,  the  spores  germinating  and  the  bacilli  multiplying 
in  the  deeper  part  We  can  also  set  u|>  a  fatal  tetanus  in  animals 
by  inoculating,  along  with  sterilised  earth,  spores  dei)rivcd  of  their 
toxin  by  means  of  heat  The  particles  of  soil  protect  the  spores 
against  the  aggression  of  the  phagocytes,  allow  them  to  germinate 
and  tl»eu  to  poison  the  organism.  Lactic  acid  produces  an  analogous 
effect,  by  destroying  or  weakening  the  phagocytes.  Micro-organisms, 
most  often  iuofl'eneive  in  themselves,  also  prevent  the  phagocytosis 
of  the  tetamis  spores  and  thus  aid  the  intoxication. 
[181]  Tiie  facts  above  summarised  have  been  deuioustrated  to  be  the 
rule  for  several  species  of  anaerobic  pathogenic  Uicteria.  Thus, 
Bessou^  showed  that  the  septic  vibrio  is,  by  itself,  incapable  of  setting 
»  Ann.  de  l'In*L  PaiUur,  Pari»,  1S95,  t  ix,  p.  179. 


up  î*ej»ticaeniia;  in  onler  to  ilo  tins  it  neetls  the  co-opcfatiou  of  otlier 
micro-orgïinisni-s,  Leclainche  and  Vallée'  have  extended  the  same 
rule  to  the  bacillus  of  symptomatic  anthrax  {Bacillus  diauvnici),  so 
iinjMirtant  as  beinj:  the  tnrnse  of  an  epizootic  disease  of  the  Bovidae. 
The  spores  of  this  bacillus  when  heated  to  80' — 35"  C.  lose  the  pre- 
ftirmed  toxin  and  at  once  become  incapable  of  producing  infection. 
In  this  CASe  also,  these  spores  soon  after  injection  become  tlie  prey 
of  phagocytes,  which  seize  them,  prevent  their  germination  and  check 
their  pathogenic  action.  If  to  these  heated  s{>orcs,  however,  we  a<ld 
a  Mnall  quantity  of  toxin,  they  are  enabled  to  gemiinatc  in  the 
Ut»>««e»j  and  set  up  a  typical  infection.  If  hciitcd  spores  are  mixe«l 
with  sterile  sand,  and  tiie  mixture  introduced  into  guinea-pigs,  these 
animals  almost  invariably  acquire  a  fatal  symptomatic  anthrax.  Tlie 
«pores  in  the  superficial  part  of  the  sandy  mass  are  reailily  devoured 
by  the  phjigocytes;  but  those  which  are  included  within  the  central 
pArt  of  tlie  mass,  being  protecteil  for  some  time  against  these  cells, 
germinate  Jis  soon  as  they  become  permeated  with  the  fluids  of 
the  animal  organism.  If  we  envelope  the  sand  in  a  paper  sac  the 
pr«)tcction  against  the  phagocytes  is  still  more  complete  and  allows 
almost  all  the  spores  to  germinate  and  in  every  case  t<}  set  up  a  fatal 
infection.  Leclainche  and  Vallée  conclnde  from  their  experiments 
**that  we  only  require  to  protect  the  spf>re  mcduuiically  in  order  to 
aee  an  infection  produced;  here  wq  cannot  allege  an  iucrcii-se  of  its 
virulence,  as  when  we  associate  a  cliemical  substance  with  the  virus, 
and  the  cxchisive  part  played  by  the  jjhagocytosis  in  the  protective 
process  stands  out  clearly  "  ('p.  221). 

Tlie  history  of  these  three  anaerobic  organisms  clearly  proves  that 
the  natural  imnuinity  îigainst  them  cannot  be  made  dependent  on 
either  the  iKictericidal  power  of  the  fluids,  or  on  any  antitoxic  property, 
or  on  the  incapacity  of  the  micro-organism  to  secrete  its  toxin  in  the 
fluid-*  of  the  refractory  animal.  The  CHusc  of  this  immunity  résolves 
itself  into  the  reaction  of  the  phagocytes  which  prevent  the  micro- 
orgiu)it<ms  from  pro<Iucing  their  poisons. 

All  that  has  been  said  on  the  s\dyect  of  the  natural  immunity  of 
the  Vertebrate*  has  had  reference  to  eases  of  resistJince  against  [182] 
Bacteria.  But  may  not  the  immunity  against  micro-organisms  be- 
longing to  other  groups  dejiend  on  other  factors  with  which  the 
rea«Ier  has  not  yet  l)ecn  made  sufficiently  acquainted  ?  Amongst  the 
lower  planta  there  are  Blastomycetes  {Torulae  and  Yeasts)  which  are 
'  Ann.  de  I'lntt.  Piuteur,  l'uris,  1»(>0,  t  xir,  p.  202. 
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capable   of   producing    infectioriB,    e.g.   the    disease    amdnf 

Some  observers,  no  doubt,  have  come  to  the  conclusion  that  the 
various  Blastoniycetes,  when  intioduced  into  a  refractory  organism, 
undergo  complète  destruction  ivitliin  a  few  hours  without  any  inter- 
vention of  phagocytosis.  Thus  Jona^  explains  the  disappearance  of 
yeast-cells  injected  into  the  veins  or  peritoneal  cavity  of  the  rabbit  as 
due  to  the  sole  influence  of  the  microbicidal  property  of  the  blood- 
fluid.  Gilkinet-  looks  at  it  from  the  same  point  of  view.  He  in- 
jected beer  yeast  {Saccharom yccs  ccrer'isine)  into  a  rabbit  and  observed 
that  it  had  disappeared  ehortlj  afterwards.  The  destruction  of  the 
yeast-cells,  according  to  this  observer,  "  is  effected  by  means  of 
plasmatic  juices  "  and  "is  due  to  a  s])ecific  property  of  the  organic 
fluids  '  whose  nature  is  "quite  unknown  as  regards  its  essential 
pr-inciple."  Phagocytosis  is  said  to  play  no  part  in  this  phenomenon. 
Let  us  hasten  to  say  that  before  the  publication  of  the  two  works  just 
cited,  a  memoir  by  Schattenfroh"^  had  appeared  on  the  same  subject 
This  observer,  who  carried  out  his  experiments  iu  Buchncr  s  laboratoiy 
at  Munich,  accurately  observed  and  described  the  destruction  of  in- 
jected yeasts  by  [diagocytes,  whilst  his  experiments  on  the  microbicidal 
power  of  the  blood  and  serum  failed.  Tliis  testimony  is  the  more 
important  that  it  emanates  from  a  scliool  by  whom  i\\e  microbicidal 
power  of  the  "  humours  "  is  regarded  as  the  principal  factor  in  the 
defence  of  the  animal  organism.  The  facts  described  by  Schattenfroh 
are  perfectly  accurate  and  have  been  confirmed  in  ntv  laboratory  by 
Skcliiwan*,  who  did  not  restrict  himself  to  injectiiig  ordinary  yeasts 
(pink  yeast,  Saetharomyccs  pastorianus)  but  inoculated  guinea- 
pigs  with  pathogenic  yeast-cells,  isolated  by  Curtis''  fi'ora  a  case  of 
[183]  uii'xomatous  tumour  in  man.  Tite  guinea-pig  is  refractory  to  small 
doses  of  this  yeast  but  succumbs  to  injections  of  larger  quantitie.s  : 
Skchiwan  convinced  himself  that  the  ingestion  of  the  non-pathogen ie 
yeast-cells  takes  place  with  great  rapidity.  Thus  the  Saccharomyces 
pastorianus,  in  the  peritoneal  cavity  of  the  guinea-pig,  is  ingested 
almost  exclusively  by  uiicrophages  at  the  end  of  two  hours.  Some 
(3 — 4)  hours  after  injection,  "  sowings  "  of  the  peritoneiil  exudation 


>  Cfidralbl.f.  Bactertol.  u.  Paratltenlc,  Jena.  1897,  BA  xxi,  S.  U7. 

'  Arch,  de  mid.  rxpâ'.  et  d'anat.  jtath.,  Puris,  1S97,  t  ix,  p.  881. 

*  Arch./.  Ifj/i/.,  MUncheu  u.  Leipiiig,  1896.  lid.  xxvii,  S.  234. 

*  Anu.  do  I'/ntl.  Piuteur,  l^arw,  IS»9,  t.  xiii,  p.  770. 
'  Ibid.,  1396,  t.  X,  p.  448. 
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no  longer  yield  growths.  On  the  other  haiul  Curtis'  pathogenic 
yetwt-cells  resist  the  action  of  the  phagocytes  for  a  much  longer  time. 
After  a  period  of  phagolysis  in  the  peritoneal  cavity,  the  leucocytes 
that  have  just  arrived  in  large  numbers  begin  to  seize  the  yeast-cells. 
Usually  ecveml  macrophages  fuse  around  the  same  yeast  globule  form- 
îug  a  very  chaiticteristic  kind  of  rosette.  Sometimes  the  macrophages 
run  together  to  proiluce  a  giant  cell,  whose  centre  contains  the 
yeast-cell.  This  latter  defends  itself  against  phagocytosis  by  secreting 
a  fairly  thick  membnine.  The  struggle  between  the  two  living 
elements  is  a  fairly  prolonged  one  ;  24  to  48  hours  after  inoculation  all 
the  yeasts  are  surrounded  by  phagocytes,  amongst  which  microphages 
are  exceptional.  But  the  parasites  remain  alive  for  4 — G  days  after 
their  injection  into  tlie  peritoneal  cavity,  as  proved  by  the  cultures  that 
are  obtained  from  ti>c  exudation  when  the  fluid  is  "  seeded  "  out.  It 
must  be  concluded,  therefore,  that  the  yeiist-cella  were  surrounded  by 
the  phagocytes  whilst  still  presenting  all  the  signs  of  life.  Skchiwau 
was  no  more  successful  than  Schattenfroh  in  demonstrating  any  kind 
of  microbicidal  action  of  the  tl aids  on  the  Blastomycctes. 

There  is,  consequently,  no  doubt  whatever  that  the  resistance  of 
the  animal  organism  against  yeasts  follows  the  same  rules  that  hold 
in  the  defence  against  Imcteria. 

The  animal  micro-organisms  are  much  rarer  in  infective  diseases 
than  are  the  microphytes;  moreover  the  impossibility  of  obtaining 
cultures  of  tliem  renders  their  investigation  much  more  difficult. 
Yet  there  exist  facts  that  are  capable  of  affording  us  information  as 
to  the  means  made  use  of  by  tlie  refractory  organism  against  certain 
panusitic  Protozoa.  Amongst  tiiese  latter  the  Tri/panosonute  play  a 
most  important  part.  One  species  of  this  genus  {T.  lewisi)  produces 
an  infective  disease  in  rats,  especially  in  the  gi"ey  rat  {JJits  decu- 
uuuiu^  ,  the  blood  of  these  rotlents  often  containing  a  very  large 
number  of  them,  whilst  the  small  flagellated  organisms  flourish  well  in 
the  serum  prepareil  from  the  blood  of  affected  animals.  Laveran  and  [IS4| 
MosniP,  in  their  studies  on  the  Tiypanosomae,  injected  detibriuated 
blood  containing  numerous  Trt/panosomae  into  the  peritoneal  cavity 
of  guinea-pigs,  which  exhibit  a  natural  imnuniity  against  this  parasite. 
The  parasites  remained  alive  for  some  days  and  then  disajipeared 
contpletely.  Here  agaiu  it  is  the  jihagocytes  of  the  peritoneal  exuda- 
tion which  rid  the  animal  of  the  Ti-ypanosomat  by  ingesting  them. 
Livcniii  {Old  Mesnil  were  able,  t>y  the  examination  of  hanging  drops 
»  Ann.  de  CJmC.  Poiteur,  Paris,  190),  t  xv,  p.  673.  ( 
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of  the  peritoneal  exudation  of  their  guinearpigs,  to  detect  leucocytes 
in  the  act  of  devouring  Trypanoaomae  which  showed,  by  their  active 
movements,  that  they  were  still  alive.  Once  the  parasites  were  com- 
pletely enclosed  within  the  macrophages,  their  final  disappearance 
took  place  with  extraordinary  rapidity. 

In  this  chapter  we  have  attempted  to  place  before  the  reader  a 
complete  series  of  the  phenomena  observed  in  natural  immunity 
in  animals.  We  have  passed  in  review  the  resistance  of  the  animal 
organism  against  the  principal  groups  of  bacteria,  and  we  have  dwelt 
on  certain  of  them  which  are  most  capable  of  adapting  themselves 
to  various  media,  and  on  others  which  present  examples  of  micro- 
organisms more  exacting  and  more  delicate.  We  have  examined  the 
immunity  against  Blastomycetes  and  parasitic  animalcules.  Above 
all,  in  the  lower  animals,  just  as  in  the  Yertebrata  of  all  classes,  we 
have  always  observed  this  general  phenomenon  :  phagocytic  resistance 
as  the  principal  and  constant  &ctor  in  natural  immunity. 


THE  MECH/IXISM  OF  NATURAL  lALAlUNITY  AGAINST 
MICRO-ORG.VNISMS 


TUc  dfslniction  of  niierK-oi-jfaiiisiiis  iu  nutiirul  ininiuuitr  is  an  act  of  resorption. — 
Fart  jilrtytNl  by  iiilltiiiiiiiutinn  in  natunil  immunity. —  [iti])ortancc  of  inicropliugca 
in  immunity  ug;aiust  micro-organism». — Ohcniiottixis  of  leucocytes  and  ingestion 
of  niiern-orgjinisms.— Phagocytes  are  capable  of  in^exling  living  and  virulent 
tiiicro-organistiis. — The  digestion  of  micro-organisms  iu  plingocytes  is  most 
often  effected  in  a  feebly  acid  nie<liuni. — Bactericidal  property  of  serums. — 
rbagocytic  origin  of  the  buctericidid  «ulifttAiice. — Tlieoi^  of  the  secretion  of  U»e 
liaclerieidal  siibntance  by  leuco<'vles.— Comparison  of  tiie  bactericidal  power  of 
■erams  and  of  bloo<1  plonmiLt. — The  bactericidul  i^iibstance  of  blootl  serums  must 
not  be  considered  a  secretion -product  of  leucocytes;  it  romains  within  the 
phagocyte»,  so  long  as  they  are  intAcL — The  cytiises.— Two  kitidti  of  cytuses: 
nuuToeytase  and  inicrncytiise. — (.'ytasex  are  endo-enzymcs,  aliie<l  to  trypsins. — 
Changes  in  the  stnining  properties  and  in  the  form  of  microorganisms  in  the 
phagocyte's. — Absence  ur  rarity  of  fixatives  in  the  scrums  of  animals  endowed 
with  ualura)  immunity. — The  agglutination  of  micro-organisms  does  not  plujr 
kny  imt>ortaut  part  in  the  meehaiii!»m  of  iiatiimi  immunity  — .Absence  of  anti- 
toxic itri>|K'rty  of  the  body  fluids  in  natural  immunity. — The  phagocytes  destroy 
the  micro-organisms  without  their  ingestion  being  preceded  by  neutralisation 
of  the  toxins. 

The  facts  we  have  set  forth  in  the  preceding  chapter  clearly  jastify 
u»  ID  coticludiiig  that  the  destruction  of  the  micro-organisms  in 
natural  iiiuuunity  i.s  reduced  t(»  tlicir  resorption  by  the  phagocytes. 

We  have  now,  therefore,  returne<l  to  the  point  arrived  at  an«l 
already  studied  in  Chapter  iv,  where  we  attempted  to  establish  certain 
r  ■  nUi)  law».  It  ivmains  to  be  seen  up  to  what  point  these 
i  .  I'ly  to  the  plicnoniena  of  natui*al  immunity  agJiinst  infective 

uiicro-organisnis. 

Tlie  introduction  into  the  animal  orgjuiism  of  foreipni  Ithxîd.  of 
fipcrmntozoa  lielonging  to  the  same  or  a  ditlererit  ri|>ecie.s,  or  of  any 
other  celb,  as  in  tlie  «use  of  the  penetration  of  micro-orgunisnis  into 


tlie  tissues  or  cavities  of  the  body  of  a  refractory  animal,  determines, 
primarily,  a  localised  inflamniatiou,  associated  with  which  is  a  dia- 
pedesis  of  many  white  corpuscles.  Instead  of  aseptic  inflammation,  aa 
[1S6]  in  the  case  of  the  resorption  of  cells,  there  is  produced,  in  antimicrobial 
immunity,  a  septic  inflammation  at  the  point  of  invasion  of  the  micro- 
organisms. In  this  inflammation  the  redness  and  heat  are  slight,  the 
fluid  part  of  the  exudation  is  insignificant,  but  what  is  especially 
characteristic  is  the  large  number  of  leucocytes  which  come  up 
towards  the  point  menaced.  This  constancy  of  the  inflammatory 
reaction  in  natural  immunity  is  one  of  the  best  proofs  of  the  accuracy 
of  the  view  that  inflammation  is  a  phenomenon  useful  to  the  animal 
organism,  especially  in  its  struggle  against  microbial  invasion.  As  we 
have  devoted  a  M'hole  volume  to  the  discussion  of  the  comparative 
pathology  of  inflammation  it  is  here  unnecessary  to  discuss  it  further. 
Since  the  publication  of  this  book  numerous  articles  on  inflammation 
have  appcaretl,  but  none  of  them  have  undennined,  in  the  least 
degree,  the  fundamental  bases  of  the  phagocytic  theory  of  inflamma- 
tion. The  view  that  this  phenomenon  really  constitutes  a  healing 
reaction  of  the  organism  is  at  present  accepted  by  many  investigators 
in  all  countries.     It  is  therefore  needless  to  re-defend  it. 

Although  there  still  remain  a  certain  number  of  points  that  are 
not  sufiiciently  cleared  up  in  the  essential  mechanism  of  inflammation, 
it  is  now  jjroved  beyond  doubt  that  the  sensitiveness  of  the  cell 
elements  which  here  play  a  part,  is  one  of  the  essential  factoi-s  iu  the 
process.  The  nerve  cells  which  govern  the  vascular  dilatation,  the 
endothelial  cells  which  allow  of  tlie  passage  of  leucocytes,  and  the 
leucocytes  themselves  which  escape  from  the  vessels  in  onler  to  reach 
the  point  of  entrance  of  the  micro-organisms,  all  must  be  influenced 
in  a  special  fjw-ihion.  In  natural  immunity  the  phagocytes  exhibit  a 
positive  chemiota.xis  and  this  form  of  sensitiveness  is  a  condition 
indisjHînsable  to  a  state  of  immunity  and  to  the  disappearance  of 
the  micro-organisms. 

In  my  eighth  lecture  on  inflammation  I  have  already  set  forth  the 
fundamental  facts  upon  which  rests  the  doctrine  of  the  cbemiotaxis 
of  leucocytes.  During  the  last  ten  years  numerous  data  corrobo- 
rating these  results,  obtained  first  by  Leber,  Massart,  and  Charles 
Bordet,  and  since  confirmed  by  numerous  other  observers,  have  been 
accumulated. 

In  the  resoi*ption  of  blood  corpuscles  and  of  animal  cells  in 
general,  it  is  especially  the  macrophages  which   intervene,  but   in 
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natural  iinnianity  against  micro-organisms  positive  chomiotaxis  is 
exhibited  by  the  microphagcs  more  than  by  the  macroplmses.  [187] 
\Micn  we  examine  an  inflammatory  exudation  and  find  a  prcjion- 
deranoe  of  micropliages  we  are  satisfied  tiiat  there  has  l)een  an 
intervention  of  micro-organisms.  Even  in  the  exam]>Ies  where  it 
is,  at  first,  principally  the  macrophages  wliich  destroy  the  micro- 
organisms (as  in  the  case  of  the  resistance  of  the  animal  organism 
ag;iinKt  the  tid)crcle  ImicHIus"),  there  is  also  a  great  afflux  of  niicro- 
plmges,  Tiie  sensitiveness  of  the  tM-o  chief  categories  of  phagocytes 
often  exhibits  a  marked  difference.  We  need  merely  recjill  to  the  rea<ler 
the  example  of  the  spirilla,  ingeste<l  and  destroyed  exchisively  by  the 
macrophages  of  the  gnine-.i -pig,  which  ah»ne  exhibit  the  necessary  ]»osi- 
tire  chemiotaxis.  In  many  other  examples  of  natural  immunity  the 
^Kirt  played  by  the  macropljages  is  maske^l  by  that  of  the  microjiliages. 

In  natuml  inununity  the  motile  phagocytes,  having  come  up  to  the 
inraders,  perform  a  secoiul  physiological  function  ;  they  ingest  the 
miero-organiems.  Sometimes  the  leucocytes  devour  at  one  swoop 
whole  masses  of  these  organisms,  and  cj\rry  out  tlieir  work  in  a  very 
eliort  time.  In  other  cases,  especially  when  actively  motile  micro- 
or^nisms,  sucli  as  the  spirilla  of  Obermeyer  or  of  Sacharoff,  have 
to  be  dealt  witli,  tlie  ingestion  takes  place  with  more  difticulty  and 
requires  special  conditions.  Thus,  in  order  to  ingest  a  spirillum, 
the  macrophages  of  the  guinea-pig  tlu'ow  out  long  couical  processes. 
Never  in  the  ingestion  of  niicro-orgjuiisms  have  I  observed  methods 
coioparsible  to  that  by  which  the  macrophages  seize  upon  the  red 
coritUBcles  of  birds  or  upon  otiier  aniniid  cells. 

Some  observers  have  expressed  the  opinion  that  micro-organisms 
make  their  way  mto  the  cells  spontaneously  and  do  not  need  to  be 
drawn  in  by  means  of  protojilasmic  processes  thrown  out  V)y  the 
phagocytes.  It  is  of  course  indisputable  that  certain  micro-orgsmisms 
aaay  pas»  into  the  interior  of  the  cell  independently  of  any  act  of 
pfaagocytOMis.  Such  is  the  «ise  with  the  malaria  panisite  and  allied 
epeciee  which  make  their  way  into  the  red  blood  corpuscles.  But 
here  we  are  dealing  with  amoeboid  organisms,  quite  capable  of 
perforating  the  wall  of  the  red  blood  corpuscle  by  means  of  their 
own  pseudopodia.  Ricteria,  which  do  not  possess  amoeboid  move- 
ments, are  deprived  of  this  power  of  invasion.  There  are,  however, 
vcrj-  rare  cases  in  which  such  penetnition  does  take  place.  For  [188] 
example,  Bizzozero^  has  described  spirilla  in  the  stomach  of  the 
'  Arch./,  mikr.  Anat.,  Bonn,  1893,  Bd.  ilu,  8.  1*6. 
S.  12 
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dog;  these  may  be  found  inside  epithelial  cells.  But  here  th 
actively  motile  bacteria  make  their  way  into  the  interior  of  vacuol 
wliicli  open  on  the  fiec  Biirfixce.  Attracted,  probably,  by  the  epi- 
thelial ïsccretions  the  spirilla  lii-st  draw  near  to  the  cells  and  then 
take  advantage  of  small  openings  through  Mhich  they  pass  into  the 
secretory  vacuole.  In  almost  all  cases,  however,  living  and  even 
actively  motile  bacteria  are  incapable  of  penetrating  into  cells.  Thus, 
when  we  observe  the  spirilla  of  recurrent  fever  or  of  goose  septicaemia 
in  the  neighlMnirhood  of  leucocytes,  we  often  see  them  exhibit  vei 
brisk  corkscrew  movements  on  the  surface  of  these  cells  without  evi 
being  able  to  invade  them.  On  the  otFier  hand,  when  the  leucoc, 
sends  out  a  process  towards  the  spirillum  ingestion  rapidly  takes 
place.  In  anthrax  exudations,  or  in  the  spleen  of  animals  that  have 
succumbed  to  anthrax,  targe  numlicrs  of  bacilli  may  often  be  ob- 
Kcrved  in  the  immcciiate  ucighlwurliood  of  the  leucocytes  or  of  the 
cells  of  the  splenic  pulp,  without  a  single  bacillus  being  found  within 
these  cells.  Nor  do  we  ever  see  any  bacteria  (which  develop 
abundantly  in  a  drop  of  exudation  withdi-awn  from  the  organism) 
invade  the  dead  leucocytes,  lying  alongside  them.  Whilst  on  the 
other  iiand  we  see  the  micro-organisms  swaraiing  outside  the  neigh- 
bouring leucocytes  and  occupying  the  free  spaces  between  tliei 
cells. 

AlnKpiist^  has  recently  described  a  method  by  means  of  which 
micro-organisms  can  be  taken  into  the  substance  of  dead  leuco- 
cytes, lie  collects  leucocytes  from  mammalian  blood,  mixes  them 
with  bacteria,  and  centrifugalises  the  mixture  for  some  time  He 
convinced  himself  that  after  a  not  very  prolonged  contact  the  Imcteria 
are  found  witliiu  leucocytes.  Here  .Vlmquist  excluded  phagocjixisi-s, 
properly  so-called,  that  is  to  say,  the  ingestion  of  the  bacteria  by  the 
active  inovemenLs  of  the  leucocytes;  but  he  does  not  give  sufficient 
proof  that  the  cells,  in  his  experiments,  were  actually  dead.  He  thinks 
that  the  relatively  low  tenipei'atiu'e  (below  15°  C.)  excluded  the 
possibility  of  umoelioid  movement  in  the  leucocytes  of  wurm-blooded 
[1891  animals.  I  his  argument,  however,  does  not  accord  with  actual  fact, 
for  it  is  indisputable — and  we  have  often  convinced  oureelves  of  this — 
that  the  leucocytes  of  man  and  wai-m-blooded  vertebrates  maintained 
at  even  a  lower  temperature  than  15°  C  are  quite  capable  of  motio: 
and  of  ingesting  foreign  bodies.    In  all  cases,  the  data  as  a  whole,  so: 

*  ZUchr.f.  Hyy.,  Leii«ig,  189Ct.  Bd,  xxxi,  S.  507.    S<io  review  by  Podwysso 
iu  the  Arch,  riuiet  de  Path,,  St  Péterai).,  189a,  t.  vm,  p.  237. 
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which  we  have  cited  above,  leave  no  doubt  that  the  ingestion  of 
micro-organisms  unprovided  with  anioclK)id  powers  takes  phicc  by 
means  of  active  movements  of  tlie  living  protophism  of  tlie  leucocytes. 
To  dissipate  any  renminiiijf  doubt  on  the  part  of  the  reader  I  need 
only  readl  Bordet'a  investigations,  cited  in  the  preceding  chapter,  of  the 
Iwhavionr  of  leucocytes  in  the  peritoneal  cavity  of  guinea-pigs  inocu- 
?d  with  streptococci  an<l  Proteus  l)acilli-  The  leucocytes  of  the 
fritoneal  cavity  allow  the  vindent  streptococci  to  develop  freely,  not 
ingesting  a  single  one,  whilst  the  Protciis  bacilli,  injected  later,  are 
quickly  devoured  and  at  the  end  of  a  very  short  time  are  all  found 
the  sul>stance  of  these  same  phagocytes.  This  example,  so  demon- 
itire,  of  the  chemiotaxis  (positive  as  regards  Bacillus  prntevs  and 
itive  as  regards  the  streptococcus),  is  at  the  same  time  the  l)est 
>f  of  the  fact  that  the  ingestion  of  the  micro-organisms  is  a  vital, 
bysiological  act  and  not  merely  a  simple  phenomenon  of  mechanical 
~pet»etration  of  micro-organisms  into  the  soft  protoplasm  of  the 
Bucocytes. 

It  was  formerly  thought  that  leucocytes,  charged  with  raicro- 

lisms,  provide  the  hitter  with  a  good  cidture  medium  and  serve 

as  vehicles  of  transport  for  them  from  one  place  to  another  in 

living  organism.    This  view  has  often  been  affirmed  without  any 

"proof  wliatever  Ijeing  given  of  it     It  has  now  l)eeu  demonstnite<i 

be  erroneous.    The  micro-organisms,  with  some  nire  exceptions, 

id   within  the  leucocytes  a  very  unfavourable  medium.    Usually 

liey  perish  there,  or,  in  the  case  of  very  resistant  nn'cro-organisms, 

Huch  as  tlie  tubercle  bacilli  in  refractor}-  animals  or  the  eudospores  of 

certain  bacteria,  without  being  actually  «lestroyed,  they  are  prevented 

pmi  gcmiiuating  and  multiplying. 

Later,  another  view  has  been   advanced   that  phagocytes   are 
ipable  of  ingesting  only  those  micro-organisms  that   have   l)een 
revioiisly  killed  by  some  substance  which   is  found  outside  the 
tfen?*ive  cells.    Tliis  view  is  quite  as  erroneous  as  the  one  we  have 
Lst  analysed.    The  phagocytes  are  perfectly  capable  of  seizing  and 
levouring  living micro-org-anisnis.    We  have  only  to  recall  on  this  point 
je  facts   cited  in  the  preceding  chapter  on   the  subject  of  living  [190] 
cteria  ingested  by  the  leucocytes  of  various  animals,  or  the  history 
"of  the  very  active  sjiirilla  which  retain  their  motility  up  to  the  moment 
^hcn  they  become  completely  enclosed  by  the  protoi)lasmic  processes 
the  leucocj'tes  of  the  guinea-pig.    Observations  in  vitro  have,  as 
Iready  described  in  the  same  chapter,  atlbrded  a  demonstration  of  the 
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ingestion  of  living  flagellated  Infusoria  by  tire  leucocytes  of  refractory 
animals. 

These  factg,  fairly  numerous  in  themselves,  are  not,  however,  the 
only  ones  that  might  be  cited  in  favour  of  tlie  fuiidiimcntal  thesis  that 
phagocytes  possess  all  the  means  for  incor[>orating  living  micro- 
organisms. In  my  first  works  on  phagocytosis  I  cited  the  example  of 
amoeboid  cells,  in  the  In  vertebra  ta,  coutninitig  motile  bacteria  \  and 
that  of  leucoc5'tes  of  the  frog  charged  with  motile  bacilli^  of  ai^_ 
artificial  septicaemia.  Since  then  the  number  of  similar  cases  lia^f 
increased  considerably.  NotliÎTig  is  easier  than  to  observe  the  phago- 
cytcjsia  of  living  micro-organisms  in  vitro.  Take  a  drop  of  frog's  lymph 
and  add  to  it  a  few  of  the  Bacilli  pi/ocj/anei,  we  soon  observe  the 
struggle  between  the  leucocytes  and  the  very  motile  bacteria,  and 
inside  tlie  digestive  vacuoles  bacilli  executing  very  pixtnounced  anç 
active  movements. 

The  same  result  may  be  obtained  by  another  method,  liy  which 
the  same  time  we  gather  information  as  to  the  virulence  of  the  micro 
organisms  ingested  by  the  phagocytes.  The  view  has  often  beo^ 
exjjressed  tiiat  phagocytes  seize  only  those  bacteria  that  have  been" 
deprived  of  their  virulence  by  a  previous  action  of  the  fluids  o^_ 
the  animal  organism  ;  consequently  search  has  been  made  for  somi^| 
attenuating  jiropcrty  of  these  fiuid.s.  Wc  have  already  answered  this 
objection  in  the  previous  chapter  by  the  citation  of  cases  in  which 
the  exudations  of  refractory  animals,  containing  only  micro-organisms 
ingested  by  the  phagocytes,  were,  nevertheless,  very  virulent  for  siis- 
ceptiblc  animals.  This  question  has  been  especially  discussed  in 
relation  to  the  anthrax  of  frogs,  on  which  subject  several  investigations 
have  been  carried  out,  the  result  of  which  is  completely  convincing. 
Bacilli  ingested  by  the  leucocytes  of  these  Catrachians  retain  their 
full  virulence  for  a  long  time.  Exxulations  which  contain  only  iutra- 
[191]  jihagocytic  bacilli,  the  majority  of  which  have  already  lost  their  normal 
staining  by  aniline  dyes,  jiroduce  fatal  anthrax  in  susceptible  animals, 
such  as  the  mouse  and  the  guinea-pig.  Mesnil  has  demonstrated 
the  same  fact  by  using  the  exudations  of  fresh-water  fishes  that  are 
refi-actory  to  anthrax.  The  same  rule  applies  equally  to  the  exuda^^_ 
tions  of  dogs  and  fowls  that  have  been  inoculated  with  the  bacillus.  ^| 

Long  before  these  experiments  on  anthrax  were  made,  Pasteur^^ 

*  Arb.  a.  d.  axJ.  In*t.  d.  Unie.  Wien,  188.%  tom.  V,  8. 160. 

*  Biol.  Centraibi,  Erlangeu,  18S3-4,  B4  lU,  8.  562. 

*  Compt.  rend.  Aead.  d.  tc,  Paris,  1880,  t.  zo,  p.  952. 
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ha<l  shown  that  the  virus  of  fowl  cholem,  which  in  the  guiDea-i)ig 
tfi'ta  up  u  mild  uffoction  and  gives  rine  to  the  forinution  of  ubscusses, 
retains  its  virulence  for  a  considerable  time  in  the  pus  of  these  ab- 
scesses. When  he  ii^ectc<l  rabbits  with  u  small  quantity  of  guinea- 
pig's  ptis  «Icvelopcd  at  the  point  of  inoculation  of  the  cocco-bacillua 
of  fowl  cholem,  the  animals  succumbed  to  a  generalised  and  rapid 
infection.  The  conviction  haa  since  been  arrived  at  that,  in  the 
guinea-pig,  these  micro-organisms  resulily  become  the  prey  of  the 
leucocytes  that  are  present  in  tlie  exuihitions. 

The  nUe,  therefore,  is  general  that  in  animals  endowed  with 
natural  inmiunity  the  phagocytes  seize  and  ingest  even  living  uiicro- 
organiTinis  that  have  retained  their  initial  virulence. 

Once  within  the  pluxgocytcs,  the  micro-organisms  are  surrounded 
by  a  clear  fluid,  which  accunndates  in  vacuoles,  or  they  are  lodged 
directly  in  the  i)rotopliLsni.  In  Ixjth  cases  the  micro-organisms  are 
subjected  to  a  digestive  action  which  usually  dissolves  them  com- 
iiletelv.  It  is  not  ahvavs  easv  to  form  an  idea  of  the  conditions  under 
which  the  intracellular  digestion  tiikes  place.  At  first'  I  used  a  weak 
8oluti<in  of  vesuvin  for  the  pui-i)ose  of  gaining  some  idea  as  to  the 
condition  of  the  micro-organisms  that  have  been  ingested  by  the  leu- 
cocytes aiul  demonstnited  that  the  living  bacteria  remain  unstained 
iu  this  solution,  whilst  the  dead  bacteria  take  on  a  somewhat  deep 
brown  stain.  Thanks  to  this  reaction  I  was  able  to  furnish  one  of  the 
proofs  of  the  fact  that  in  imnuuiised  animals  ingested  bacteria  are 
killed  inside  the  phagocytes.  The  use  of  Elirlich's  neutral  red  (jV^-m- 
trtUroth)  gives  us  further  valuable  indications.  This  c^ilour,  quite 
Innocuous  for  living  elements,  is  an  excellent  indicator  of  acid  or 
alkaline  i"eaction.  Plato',  in  Breslau,  has  carried  out  numerous  [192] 
researches  on  the  sUiining  of  micro-organisms  by  a  weak  aqueous 
solution  (l7o)  of  this  substance.  He  has  shown  that  "free"  micro- 
organisms remain  alive  in  this  solution  without  taking  on  any  tinge 
of  colour.  On  the  other  hand,  the  same  micro-organisms,  wheu 
ingested  by  the  phagocytes,  are  stained  brownish-red-  Most  of  these 
Btainetl  orgiuiisms  no  longer  exhibit  any  sign  of  vitîdity  ;  but  amongst 
those  within  the  phagocytes  are  some  which,  in  spite  of  being  deeply 
Stained,  are  certainly  alive.  Plat<^  insists  on  the  fact  that  ingested 
roicro-organisms  remain  stained  as  long  as  the  phagocytes  are 
alive,  fur,  shortly  after  the  death  of  these  cells,  decoloration  of  the 

'  Aui).  de  rintt.  Paiteur,  Pnri»,  1887,  t  I,  p.  325. 
=■  Arch.f.  mikr  Anat,  Bonn,  1900,  Bd.  vn,  S.  868. 
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micro-oi'ganiBms  aud  of  the  intracellular  granules  takes  place.  When 
neutral  red  is  added  to  an  exudation  in  which  the  leucocytes  are 
dead,  the  stainiug  of  the  ingested  micro-organisms — dead  or  living — 

does  not  take  place.    I  have  myself  verified 

these  observations,  and  Himmel',  who  has 

ytjf      J  carried  out  an  elaborate  investigation  on 

■àf^''^*^^^  '^^  subject  in  my  laboratory,   has  con- 

4t   -'''^  <^*\  finned  them  in  numerous  cases.     In  the 

^Và<^*t^  third  and  fourtii  chapters  of  this  work  I 

%  S-    M  ^*^®  already  brought  forward  arguments 

V  .\   '0V  in  favour  of  the  view  that  the  staining  of 

^-         _   '     .  V  the  ingested  elements  indicates  a  feebly 

..  :  J  acid  reaction  inside  the  phagocytes.  Some- 

'    V.  \  times  this  reaction  manifests  itself  in  the 

,1  digestive  vacuoles  ;  in  other  cases  it  is  ex- 

/  \  hibited  only  in  the  micro-organisms  directly 

i  '  lodged  in  the  protoplasm  (Fig.  38).    Whilst 

<  '  the  phagocyte  is  still  living  the  acid  juice 

/  which  fills  the  vacuoles  or  permeates  the 

ingested  organisms  does  not  mix  with  the 

protoplasm  which  is  always  alkaline.    But 

Fio.  38.— Peritoneal  macro-         shortly  after  the  death  of  the  phagocyte 

phage  of  guinea-pig  that         ^^g  fixture  is  effected  without  difficulty, 

has  ingested   a   number  n     i-    .,        rxu  ^      i  •     xi. 

[193]  of  BaciiM  coii.  Stained  ^^o.  the  alkauuity  of  the  protoplasm  is  then 
intra  vitam  with  neutral  amply  sufficient  to  neutralise  or  even  render 
"^-  alkaline  the  feebly  acid  juices.     This  in- 

terpretation of  the  facts  is  in  complete 
harmony  with  all  the  data,  collected  up  to  the  present,  on  the  staining 
by  neutral  red  of  phagocytised  micro-organisms. 

All  ingested  bacteria  do  not,  however,  stain  in  the  way  we  have 
indicated.  Tubercle  bacilli,  even  in  cases  of  natural  immunity, 
remain  unstained  inside  the  phagocytes  or  take  on  only  a  very  slight 
straw-yellow  tint  Himmel  made  this  observation  on  the  bacilli  of 
avian  tuberculosis  that  had  been  ingested  by  the  peritoneal  leuco> 
cytes  of  the  guinea-pig,  a  species  resistant  to  this  micro-organism. 
It  might  be  thought  that  such  a  resistant  membrane  as  that  of  the 
tubercle  bacillus,  with  its  waxy  layer,  would  prevent  the  penetration 
of  the  acid  leucocytic  juice;  but  several  bacilli  which  resist  de- 
coloration by  acids,  as  do  the  tubercle  bacilli,  notably  the  bacilli 
»  Ann.  de  VIntt.  Pasteur,  Paris,  1901,  t  xv,  p.  928. 
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of  MocUcr  and  their  allies,  are  atiiined  a  bright  red  by  neutral  rail 
«8  sooti  as  they  are  ingested  by  the  phagocytes.  It  is,  therefore, 
more  probable  that,  in  the  c;i*ie  of  true  tubercle  bacilli,  the  reaction 
in  the  cells  is  no  longer  acid,  but  alkaline.  This  conclusion  is  con- 
firmed by  what  is  observed  in  the  giant  cells  of  the  Algerian  gerbi! 
(Mcriones  t^hawii),  a  species  of  rodent  wliich  exhibits  a  great  natural 
rwistaiice  against  tlie  bacillus  of  human  tuberculosis'.  The  bacilli, 
injioMed  by  these  phagocytes,  secrete  a  series  of  concentric  membranes 
which  become  impregnated  with  phosphate  of  lime  (Fig.  5j.  The 
process  causes  the  death  of  the  bacilli,  of  wliich  there  remain  only 
tlie  calcified  membranes.  The  jjrecipitation  of  the  lime  sîUt  around 
bacillary  membranes  itself  indiciites  the  alkaline  reaction  of  the 
me<]iura.  The  use  of  certain  staining  substances  fully  confirms  this 
conclusion-  Thus,  with  alizarin  sulpho-acid  the  giant  cells  stain  deep 
Tiolet,  this  aflbnls  clear  proof  f»f  a  wry  distinct  alkaline  reaction. 

We  arrive  then  at  the  genenil  conclusion  tliat  phagocytic  digestion 
usually  tikes  place  in  a  medium  weakly  aci<l,  but  that  it  can  also  go 
on  in  an  alkaline  medium.  It  is  imjwssible,  in  the  present  state  of 
our  knowledge,  to  define  the  nature  of  the  acid  secreted  by  the 
]>hajrocytes.  H.  Kossel''  has  expressed  the  view  that  the  intracellular 
digestion  of  micro-organisms  is  effected  by  the  nucleic  acid,  secreted  [10»] 
by  the  cell  nucleus  and  accumulated  in  the  vacuoles  of  the  contents 
of  the  phagocytes,  lie  lias  brought  forward  in  support  of  this  view 
the  fact  tliat  nucleic  acid  is  distinctly  bactericidal,  killing  certain 
patliogenic  micro-organisms,  and  giving  a  precipitate  composed  of 
albumen  aiul  nucleic  acid.  L»ater  A.  Kosscl  i)ointed  out  the  presence 
in  these  formed  elements  of  albuminoid  substiinces  which  have 
an  alkaline  reaction  but  which  also  destroy  bictcria.  Thus  he 
has  isolated  from  the  spermatic  fluid  of  the  sturgeon  a  protamine, 
"Sturin,"  which,  even  in  very  weak  solutions,  exhibits  a  strung 
bactericidal  action  on  the  typhoid  bacillus,  staphylococcus,  etc.  It 
is  possible  that  these  substances  play  a  part  in  intracellular  digestion. 
On  the  other  hand,  however,  we  must  regjird  it  as  well  established 
that  in  phagocytes  there  is  a  soluble  ferment  which  killtn  and 
lUgetitH  micro-organisms.  We  have  already  seen,  in  connection  with 
the  resorption  of  animal  cells,  that  it  is  the  ferment  alexine,  or  cytase, 
which  plays  the  principal  part  in  the  digestive  fimction.     We  must 

'  "Leçons  sur  la  patliolo^'ie  cuiiifiaréc  de  riiiflwiiuitttjoii,"  Paiia,  lb92,  y.  l»3i 
uthorised  English  tran^latiou,  Lundun,  IS93,  p.  162. 
»  Arch./.  Phytiot.,  Lcii»ïig,  1894,  S.  200. 
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now  ask  ourselves  whether  the  same  substance  acta  also  on  micro- 
organisms. ^ 

For  more  than  fifteen  years  a  study  of  the  bactericidal  power  (nH 
the  blood  and  other  fluidâ  drawn  from  the  animal  organism  has 
been  carried  on.     Based  on  the  not  very  ilefinite  results  of  Traube 
and  GscJieidlfn',  Foilor'  drew  attention  to  tlie  property  of  the  de- 
fibriimted   blood   of  the   rabbit  to  destroy  the  bacteria  sown  in  it 
Under  the  inspiration  of  Fliigge',  Nuttall*  carried  out  a  whole  series 
of  experiments  on  tins  buct^'ricidal  property  of  defibrinated  rabbit's 
blood,  of  the  aqueous  liumonr,  and   of  some  other  fluids.     After 
confirming  Fodor's  general  rci^ult,  Nuttall  went  further  aiul  showed .„ 
that  the  bactericidal  power  of  the  fluids  is  due  to  a  substance  oflj 
uiidctermiiied   natiu'c    which  is   destroyed  by  lieating  to  55°  C.  for 
one  lioiu".     This»  disicovery  was  confinned   by  a  large   number   o£^ 
observers,  and  soon  became  an  accepted  fact.  ^ 

Fliigge  now  considered  that  ho  could  base  a  theory  of  immunity 
on  the  presence  of  tlic  bactericidal  substance  of  the  body  fluids. 
Bouchard'  and  his  school  adopted  and  developed  this  view,  especially 
witfi  reference  to  researches  on  the  microbicidal  power  of  blood 
[196] serum.  Buchner'  soon  came  foiward  as  the  chief  advocate  of  this 
theory,  and  enriched  it  by  numerous  investigations  carried  out  by 
himself  or  along  with  collaboratoi-s  in  his  school  at  Munich.  It  is  to 
him  that  we  owe  the  suggestion  of  the  term  alexine  (protectivft^ 
substance.)  to  designate  the  bactericidal  substance  of  blood  seruid^ 
and  other  fluids  of  the  animal  organism  which  are  capable  of 
killing  micro-organisms.  Buchner  determined  the  conditions  under 
which  alcxine  acts  best  as  a  bacterial  poison  and  developed  the 
humond  theory  of  natural  immunity,  according  to  vvliich  tlie  latter 
is  reduced  to  the  bactericidal  property  of  the  body  fluids. 

As  the  postulates  of  this  theory  are  often  not  in  accord  with  the 
real  facts,  as  Lubarsch',  especially,  has  demonstrated  in  many  of  his 


»  Jahréêb.  d.  tehle».  GenJUch./.  eaterl.  CuUur,  Bresliiu,  1874. 

*  DeuUche  niéd,  Wchnirhr.,  Leipzig,  18S6,  S.  617  ;  1887,  S.  745. 
»  Zt$chr./.  Ifijif.,  Leipzig,  18i=**,  Bd.  it,  8.  208. 

*  Zttchr./.  Hijg,  Leii>zig,  1S8S,  DA  iv,  8.  353. 

•  "Les  mknibfs  patliogcties,"  Pari»,  lSi)2. 

•  Arch./.  Hyg.,  Miiiicli«ii  u.  Leipzig,  1890,  Bd.  10,  8.  84;  Centralhl.f.  BaklrrfôT. 
u.  Paratilenk.,  Jena,  18Sf>,  Bd.  v,  S.  817,  and  Bd.  vi,  8S.  1.  561;  1890,  Bd.  vui, 
8.65. 

»  Centralbl.  f.  Bakterioi.  u.  Paratitenk.,  Jena,  1889,  Bd.  vi,  S.  481  ;  Zttchr. 
kliii.  Meii.,  Berlin,  1891,  Bde  xvui,  XXX. 
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jtapcra,  we*  expressed  the  opinion  tliat  a  portion  ut  least  of  the  bacteri» 
ciJal  power  might  come  from  substaucew  that  had  escaped  from  the 
leucocyte»  during  the  preparation  of  the  defibrinated  blood  and  of 
the  blood  serum.  This  hypothesis  remained  for  several  years  uo- 
iiotice«l,  but  later  several  observers  have,  ijuite  indopondcntly,  arrived 
at  the  conclusion  that  alexiue  is  nothing  l>iif  a  liMicitryHf  prnilm-f 
Denya  and  Havet*  were  the  first  to  show  that  exudations  rich  in 
white  corpuscles  exhibited  a  bactericidal  power  much  higher  than  that 
of  the  corresponding  blood  serums.  Sliortly  afterwards  II.  Buchner' 
showed  the  same  thing  on  comparing  the  bactericidal  power  of 
exudations  rich  in  leucocytes  with  the  blood  serum  of  the  game 
animals.  As  this  property  disappeared  from  Itotli  fliiid.s  after  they 
bad  been  heated  to  55^  C,  Buchner  concluded  that  the  bacteri- 
cidal subxtmce  of  the  exudatioiLS  nmst  \)e  identical  with  the  alexiue 
of  the  blood  serum.  Sevend  other  observers,  amongst  whom  liiiil, 
Schatteiifrob,  Jacob  and  Ivowit,  may  be  cited,  obtained  results  more 
or  less  in  accord  with  the  above,  though  obtained  by  different 
luethtKl»,  so  that  it  has  now  for  some  time  come  to  Ix;  recognised 
that  the  leueocytic  origin  of  the  alexines  is  generally  accepted, 
I'Mpccially  since  Jules  Bordet*,  in  an  investig-ation  carried  out  in  my  [106] 
labonilory,  arrived  at  the  mime  result  from  various  vciy  demon- 
strative exi>eriments. 

Nevertheless  several  authoritative  voices  have  been  raised  against 
this  interpretation  of  the  facts.  R.  Pfeiffer  especially,  with  his  school, 
has  pronounced  against  the  leueocytic  origin  of  the  bactericidal  sub- 
stance found  in  the  blood  serum.  Pfeiffer  an<l  Marx'  and  Moxter* 
have  insisted  on  the  fact  that  the  fluids  of  exudations  rich  in  leuco- 
cytes are  often  much  less  bactericidal  than  is  the  senim  of  the  bIoo<l 
of  the  same  aninuds. 

For  some  years,  struck  by  the  marked  difference  between  the 
phagocytic  function  of  the  macrophages  and  that  of  the  microphages, 
I  have  thought  that  the  contra<lictory  results  of  the  observers  cited 
might  l>e  exjtlaincd  by  some  difference  in  the  natuix;  of  the  leucocytes 
of  the  various  exudations  and  of  the  blood  which  served  for  the 


»  Ann.  de  f/ust,  Patteur,  Paris,  1889,  L  III,  p,  670. 

•  La  f'rlluli;  Lierre  el  Louviiiii,  1894,  L  x,  p.  7. 
»  Miinefirii.  mfl.  Wckittchr.,  1894,8.  717. 

«  Ann.  df  riiul.  PaHeur,  Wrxs,  1895,  t.  IX,  p.  462. 

•  Ztuhr.f.  Ifijif.,  Leipzig',  1898,  Bd.  xxvii,  S.  27*2. 

•  D«ut$cht  nud.  IVchntchr.,  Leipzig,  189!),  S.  S87. 
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preparation  of  the  serums.  I  therefore  asked  Gengou  to  devote  hi 
attention  to  this  particular  point  and  to  conipjire  tlie  bactericida 
p(,>wer  of  exudations,  rich  in  microphages,  with  that  of  others  con- 
taining many  niacropliages  and  also  with  the  blood  senim  of  the 
same  animals.  Gengou'  has  carried  out  his  experiments  with  remark- 
able exactness  and  care,  and  as  I  hare  followed  them  closely  I  am  in 
a  powtion  to  speak  as  to  their  extreme  accuracy.  jl 

In  order  to  obtain  exudations  ver\'  rich  in  microphages  Gengon^ 
injected  gluten-casein  by  Buchner's  method  into  the  pleural  cavity 
of  dogs  and  rabbits.  Usually  at  the  end  of  24  hours  he  was  able  to 
collect  a  large  quantity  of  fluid  contîxining  numerous  leucocytes,  aluiost 
exchisively  microphages.  To  obtain  macropluigic  exu<lations  Gengou 
injected  washed  red  blood  corpuscles  of  the  guinea-pig  into  the  pleural 
cavity  of  liis  animals  ;  two  days  afterwards  he  withdrew  from  tlie 
pleural  cavity  a  very  viscid  fluid,  conUiiniugj  as  regards  fonned 
elements,  macropliages  almost  exclusively.  After  isolation  of  the 
leucocytes  by  centrifugalisation  of  the  exutlations,  Gengou  washed 
the  cells  with  physiological  salt  solution  and  then  added  to  titem 
an  equal  volume  of  broth.  This  mixture  was  frozen  by  Buchner'eH 
method,  and  was  then  submitted  to  a  temperature  of  37°  C.  Under 
[197]  these  conditions  tlie  leucocytes,  killed  by  cold,  gave  up  to  the  fluid 
their  bactericidal  substance.  ■ 

Studied  in  this  way,  the  bactericidal  iwwer  of  the  extract  of  micro- 
phages showed  itself  always  superior  to  that  of  the  corresponding 
blood  serum.  The  greatest  difference  was  observed  in  the  dog, 
where,  as  already  mentione»!  in  the  preceding  chapter,  the  serum 
of  the  blood  has  no  bactericida!  property  as  regards  the  antln-ax 
liacillus,  whilst  the  extract  of  microphages  manifests  this  propertyM 
very  strongly.  The  microphagic  extract  of  the  exudations  uf  rabbits 
was  more  active  in  the  destruction  of  the  bacilli  of  anthmx  and 
typhoid,  Barilhis  eoli  and  the  cholem  vibrio,  than  was  the  blood  serum. 

The  result  of  these  experiments  leaves  no  room  for  douVit  The 
microphages,  collected  in  tlie  itseptic  exudations  of  tiie  dog  and 
rabbit,  contîùn  more  bactericitlal  subst^mce  than  does  the  blood 
serum  of  the  same  animals.  Nor  can  there  be  a  doubt  that  this 
bactericidal  substance  is  the  same  whether  it  appears  in  the  micro- 
phages or  in  the  blood  serum  :  in  both  cases  it  is  destroyed  by  heating 
to  55°  C.  and,  in  all  other  respects,  it  behaves  in  the  same  manner. 


>  Ann.  dt  rivft.  Patleur,  Paris,  1»01,  t.  xv,  p.  6S. 


The  experiments  of  Gengou  with  the  extracts  of  luftcrophagea 
have  demonstrated,  on  the  other  hand,  that  this  fluid  exerts  no 
Uu:t«.'rieidal  power.  Let  it  be  understood  at  the  outset  that  tliiâ 
foci  is  in  no  way  an  indication  of  the  absence  of  the  bactericidal 
ferment  in  the  macrophages.  Direct  examination  of  the  phenomena 
whicii  are  manifested  inside  these  cells  demonstrates  most  clearly  that 
Uie  macroi)liages  kill  and  digest  micro-organisms.  But  this  process 
nsually  goes  on  much  more  slowly  in  the  macrophages  than  in  the 
micropluiges,  owing  probably  in  the  former  to  the  presence  of  a 
smaller  quantity  of  the  bactericidal  substance.  Under  these  conditions 
we  can  readily  understand  that  this  substance  does  not  pass,  or  passes 
oidy  in  small  amount,  into  the  extracts.  There  is  nothing  remark- 
able in  the  fact  that,  with  so  imperfect  a  method  of  prepîiring  the 
extracts,  the  greater  part  of  the  bactericidal  substance  should  remain 
in  the  bodies  of  the  cells. 

Tlie  facts  just  set  f(jrth  afford  a  sufficient  exjjlanation  of  the  marked 
(lifFercnce  in  the  restdts  obtdned  by  various  observers  as  to  the 
hact^ricid-.U  power  of  the  exudations.  When  the  latter  are  rich  in 
microphages,  the  bactericidal  property  is  very  marked  :  when,  on 
the  other  hand,  the  exudations  contain  a  large  number  of  macro- 
phages, the  bactericidal  power  may  be  very  wciik  or  even  ml. 

The  experiment)  alwve  summarised  confirm  the  conclusion  that  [198] 
the  microphages  nmst  be  regarded  as  the  source  of  the  bactericiilal 
i*nV»*itance  of  the  body  fluids.  But  here  arises  the  cpjestion  :  Do  the 
microphages  secrete  the  substance  during  life,  giving  it  up  to  the 
bkKxl  plasma,  or  does  this  substance  escape  only  after  the  death  of  the 
leuc<x;ytes  and  the  damaging  of  the  cells,  due  to  various  external 
causes?  We  here  touch  on  a  problem  which  has  been  the  subject 
of  much  discujision  and  one  of  very  great  importance  in  comiecUon 
witli  the  question  of  Immunity  in  general. 

After  the  discovery  of  the  bactericidal  power  of  senims,  several 
investigators  set  to  work  in  search  of  the  source  of  the  bactericidal 
substance.  Hankin',  and  sliortly  afterwards  Kanthack  and  Hardy',  ex- 
pressed the  view  that  this  substance  is  the  secretion-product  of  the 
eosinophile  leucocytes  which  would  thus  api>ear  to  be  a  kind  of  motile 
unicellular  glands.     Tliis   theory  could  not  be  supported   by  solid 

•  Ctntraltiif.  Bakteriol.  u.  Pararit^uk.,  Jena,  1892,  Bd.  xil,  SS.  777,  809  ;  1893, 
Bd.  XIV,  S.  852. 

*  Pro^^  Roy.  Soe.  London,  1892,  Vol  Ul,  p.  S67  ;  Phil.  TVaiu.,  Loudon,  1894, 
(B)  Vol  IbS,  pt.  I,  p.  279. 
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argumeuts  and  must  be  regarded  as  generally  abandoned,  becam 
it  is  now  completely  out  of  accord  with  well-established  facts.     Thai 
various  osseous  fi.shes,  in  spite  of  the  totid  absence   of  eosinopliile 
or  pseudo-eosinophile  granules  are  none  the  less  capable,  tiianka  t^H 
their  leucocytes,  of  destroying  a  large  uumber  of  pathogenic  microti 
organisms  (Mesiiil,  Lc). 

A  similar  theory  wju<  emmciated  by  H.  Bnchner',  though  lie  hohls 
that  it  is  not  the  eosinophile  leucocytes  only  that  secrete  tiie  bacteri- 
cidal substance,  but  the  leucocytes  in  geneial.    Being  attracted  to 
the   point   menaced    by  the    niicro-organisni»,    tliese    cells   secret 
tlieir  bactericidal  product,  which  diftuses  into  and  along  with  the 
plasma  of  the  exudations  and  of  the  blood.     In  these  fluids  the 
niicro-organisms  undergo  a  more   or  less   complete  destruction,  ad^| 
at  least  severe  injury  which  renders  them  more  suscejitible  to  th^^ 
iittiu-k  of  the  phagocytes.     At  the  International  Congress  of  Ilygient 
held  at  Budapest  in  I»94,  Bucluier  proclaimed  the  thesis  that  "tl 
leucocytes  fulfil  an  important  functi»m  in  the  natural  defence  of  tliÉ 
organism... by    means    of    soluble    substances    which    they   secrete.'' 
Later,  his  pupils,  Hahn'  and  Schattenfroh',  endeavoured  to  sup])ort 
[199]  this  theory  by  exact  experiments,  but  they  found  it  impossible  to  do 
this  lit  all  satisfacti»rily.     Later,  another  of  Buchner  s  pupils,  La8cht-_ 
schcnko*,  publi.shed  a  paper  in  which  he  maintains  that  he  has  found 
convincing  argument.     It  is  as  follows.     A  bloml  serum,  by  itself  void' 
of  bactericidal  property,  some  ntinutes  after  white  corpuscles  from 
another  species  of  manmial  have  been  added  to  it  acquires  this  prc^f 
pert)'.    Thus  the  rabbit's  leucocytes  ad<led  to  dog's  serum  inime^^ 
diately  give  to  it  the  bjictericidal  p(»vver,  so  long  as  a  large  number 
of  cells  remain  alive  and  motile.    But  when  the  leucocytes  of  tli^H 
same  species  are  added  to  rabbits'  senim  the  fluid  becomes  no  mor^^ 
bactericidal  than  before-    The  haine  result  may  be  obtained  by  mixing 
rabbits'  leucocytes  with  the  blood  serum  of  tlie  horse,  pig  and  other 
sijeeies.     Lascht.schenko  concludes  from  these  observations  that  the 
vital  secretion  of  the  bactericidal  substincc  by  the  leucocytes  of  the 
rabbit  takes  place  when  they  are  irritated  by  the  serum  of  a  dilTerei 
species.    As  an  analogous  effect  has  been  observed  with  mixtures 

»  Miindieu.  vied.  Wchiitchr.,  1894,  S.  717  and  1897,  S.  1320. 

'  Arch./.  Jlyg.,  Mûnclien  u.  Lt-iptig,  1895,  BA  xiv,  8.  106;  1897,  Bd.  xxni 
8.  312.    Bert.  kiin.  JVchnithr.,  189t!,  8.  864. 

»  Areh.  /.  TTijg.,  Mûnelicn  u.  Leipzig.,  1897,  Bd.  xsxi,  p.  1  ;  1899,  Bd.  xs 
8.  laS.     Miiw'hen.  mcd.  IFoAntcAr,  189S,  Sii  353,  1109. 

*  Arch.f.  llyj;  Miinchen  u.  Leipzig,  1900,  Bd.  xxxvii,  S.  290. 
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rabbit»'  leucocytes  witb  the  s^eruju  of  a  different  species  heatetl  to 
60°  C,  Lîisichtischenko  believes  himself  safe  from  the  objection  that  the 
giving  up  of  the  bactericidal  subfiUince  resxdts  from  the  death  or 
iiyury  of  the  wliite  corpuscles.  According  to  him  thia  injurious 
effect  on  the  white  corpuscles  can  only  be  produced  by  an  unstable 
eubstiince  which  is  de^itroyed  by  heating  to  60°  C.  Laschtscheuko 
forgets  that  the  leucocytcn  are  in  general  delicate  cells,  capable  of 
being  aftected  even  by  fluids  which  do  not  actually  kill  them.  Xow 
we  know  that  serums,  when  heate<l  to  GO"  C,  still  retain  their  power 
of  agglutinating  the  leticocytes,  a  power  which  must  ham[)er  these 
cells  in  their  normal  function. 

TrommsilorflP,  in  an  investigation  carried  out  in  Buchner's  labo- 
ratory, endeavoured  to  supplement  Laschtscheiiko's  results  and  to 
support  them  by  new  ami  nu)re  convincing  experiments.  But  he 
only  succeeded  in  a  few  cases  in  obtaining  a  bactericidal  serum  after 
adfliug  rabbits'  leucocytes  to  the  bloo<l  serum  of  other  animals. 
"In  a  great  number  of  my  experiments,"  says  Tvommsdorfl',  "I 
rery  often  did  not  succeed  in  extracting  the  alexines  from  the 
rabbit's  leucocytes  by  the  use  of  Laschtschenko's  method"  (p.  38ô). 
On  the  other  hand,  Trommsdorff,  wishing  to  establish  the  living 
condition  of  the  leucocytes  mixed  with  a  foreign  serum,  arrived  at 
the  following  result;  "In  the  majority  of  the  cases,  as  in  fresh 
exudations,  the  numl>er  of  living  leucocytes  after  their  treat- [200] 
ment  with  active  horse's  serum,  as  well  as  with  inactive  scsrum 
(heated  to  60° C.)  of  dog,  ox  and  horse,  varied  between  GO  and 
m  "',  "  (p.  391).  In  spite  of  these  verifications,  Trommsdorfl'  comes 
to  the  conclusion  that  the  presence  of  alexine  in  those  serums  to 
which  leucocytes  had  been  added,  must  "in  all  probsibility "  be 
attributed  to  its  secretion  by  the  living  leucocytes.  We  regard  it 
as  much  more  probable  that  the  alexine,  in  those  cases  where  it 
paf;«ed  into  the  serum,  was  due  to  the  breaking  up  of  the  dead 
leucocytes,  whose  nuuibera  rose  to  40  "/»,  that  is  to  say,  almost 
luilf  their  total  number.  Our  conclusion  is,  in  any  case,  much 
more  in  accord  with  the  more  constant  and  more  exact  results 
obtained  by  other  methods. 

In  spite  of  the  insufficiency  of  proofs  in  favour  of  the  theory  of 

bactericidal  secretions  by  the  leucocytes  it  has  been  very  favourably 

receivc«l  by  many  investigators.    As,  however,  it  came  into  collision 

«itli  the  general  fact  that,  in  the  refractory  animal,  the  micro- 

'  Arch./.  Hyg.,  Manclien  u.  Leipzig,  1901,  Bd.  xi,  S.  382. 
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organisms  remain  alive  in  tiie  plasmas  of  the  exiulatioua  aod  are,  in 
this  condititju,  ingested  by  the  phagocytes,  it  Avas  therefore  very  im- 
portant that  this  fundaiiiciital  contradiction  should  be  settled  by 
decisive  experiments.  The  attempt  has  often  been  made  to  obtain 
blood  plasma  and  to  compare  its  bactericidal  action  with  that  of 
serum  from  the  same  animal.  In  the  preee«ling  chapter  we  have  already 
mentioned  an  attem|it  in  this  direction  made  by  Sawtchenko.  Ilalm' 
had  prevjonsly  attemptcti  to  [irepare  plasma  by  adding  liistun  to  blood. 
As  this  "  plasma  "  was  found  to  be  just  as  bactericidal  as  the  blood 
serum  Hahn  concluded  that  tlie  bactericidal  substiince,  secreted  by 
the  living  leucocytes,  circulates  in  the  living  blood.  In  all  the  expéri- 
menta carrieil  out  by  this  method  it  was  impossible  to  avoid  certain 
sources  of  error.  an<l  in  my  laboratory  Gengou'  unilertook  a  new 
series  of  researches,  endeavouring  to  obtain  from  blood  a  fluid  re- 
sembling normal  plasma  as  closely  as  possible.  The  metho<l  he 
emjiloyed  has  been  tlescribed  in  detail  in  a  memoir,  on  an  anti- 
coagulatiiig  serum,  wliicii  he  published  along  with  Bordet'.  The 
blood  was  drawn  into  paraffined  tubes  and  centrifugalised  at  once 
in  other  tubes  wliosc  walls  were  likeivise  covered  with  a  layer  of 
[201]  paniffin.  Tlie  fluid  tluis  jirepared  is  certainly  mui"e  allied  to  circu- 
lating plasma  than  is  the  blood  serum  obtained  after  the  coagulatiou 
of  the  bhtod.  Nevertheless,  it  is  still  far  from  lieing  identical  with 
true  normal  plasma  ;  it  still  coagulates,  thougi»  tardily.  Gengou 
compared,  in  their  bactericidal  action,  the  blood  serum  and  the  serum, 
decanted  after  the  tirdy  coagulation  of  the  fluid  analogous  to 
plasma.  He  carric<l  out  a  great  number  of  experiments  with  the 
two  fluids,  obtained  from  dogs,  rabbits  and  rats,  making  a  comimrative 
study  of  their  bactericidal  power  as  regards  tlie  anthrax  bacillus,  the 
typhoid  bacillus,  and  the  cholera  vibrio.  I  have  closely  followed  all 
these  experiments  and  can  confirm  the  results  described  by  Gengon, 
namely,  tiiat  the  fluid,  in  this  plusuia  serum,  jiossesses  an  insignifleant 
bactericidal  power  or  none  at  all,  whilst  the  blood  sermu  almost 
always  exhibits  this  property  to  a  marked  degree. 

As  a  result  of  the  researches  just  summarised  it  is  no  longer 
possible  to  maintain  tlie  tiieory  of  bactericidal  secretions  by  leuco- 
cytes or  by  any  other  category  of  cells.    Tlie  bactericidal  sidïstance 

'  ^rcA./. //j/fli.,  MQiichoiitt  Leipzig,  18»5,  Bd.  xxv,  8. 105;  i7o*/.A-/i*«.  \Vekn*chr., 
189(i,  S.  8ft4 

'  Ann.  del'Intt.  Pattewr,  Paris,  1901,  t.  xv,  p.  232. 
•  Ibid.,  p.  129. 
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docs  not  circulate  in  the  blood  pKasraa  nor  in  that  of  the  exudations, 
and  this  is  a  sufficient  reusuu  fur  refusing  to  it  the  title  of  a  secretion- 
pnxJuct.  Its  presence  in  the  blood  serum  is  due,  like  that  of  the 
fibrin-fermentj  to  the  destruction  or  more  or  less  grave  injurj'  of 
the  phagocytes. 

This  fact,  upon  which  we  must  insist  most  strongly,  is  in  flat  con- 
tradiction to  the  view  recently  formulated  by  Wasscrmann'.  In  a  work 
•levoted  to  natural  immunity  against  micro-organisms,  this  author 
describes  how  he  submits  ids  animaln  (guinea-pigs)  to  the  action  of  an 
antJcytase  Tor  anti-alexine)  serum  wliose  preparation,  described  in  the 
fifth  chapter  of  this  work,  ofièrs  no  difTiculties.  Under  the  influence  of 
thiisi  geruni,  the  guinea-pigs,  into  the  peritoneal  cavity  of  which  a  strong 
dose  of  typhoid  cocco-baciili  is  inoculated,  die  from  infection,  whilst  tiie 
control  animals,  inoculated  in  a  similiir  manner,  but  which  have  re- 
ceived in  additicm  some  normal  rabbit's  serum,  heated  to  (iO°  C,  entirely 
resist  the  infection.  Wasserraann  corjcludes  that  the  first  series  of 
guijiea-pigs  succumbed  because  of  the  impossibility  of  fighting  against 
the  typhoid  bacillus  by  means  of  the  free  cytase,  this  being  neutraliseil 
by  the  anticytase  serum.  Tlie  fact  pointed  out  by  Wassermann  is 
perfectly  accurately  stilted  and  hfis  been  confiraied  by  Besredka",  in 
an  investigation  earned  out  in  my  laboratory.  Nevertheless,  it  is 
impossible  to  accept  Wassermann's  view  as  to  the  part  played  by  [202] 
anticj-tase  in  his  experiment.  As  clearly  demonstrated  by  Besredka, 
the  anticytase  serum  acts  not  merely  by  neutralising  the  bactericidal 
ferraetit,  but  also  by  ite  other  properties,  especially  by  one  whicli 
prevents  the  stimulation  of  the  phjigocytes. 

In  the  struggle  of  the  guinea-pig's  organism  against  a  strong 
dose  of  typhoid  cocco-baciili  (in  "NVassermann's  experiments  40  times 
the  lethal  dose),  the  free  cytase  plays  a  part  so  infinitely  small  that 
even  the  injection  into  a  guinea-pig  of  a  large  quantity  of  serum  f.S  ac.) 
from  a  normal  guinea-pig  (containing  much  cjtase)  does  not  prevent 
the  death  of  the  animal.  It  is  only  the  blood  serum  of  other  species 
(rabbit  or  ox)  that  is  capable  of  protecting  a  guinea-pig  against  such 
a  large  quantity  of  typhoid  bacilli, 

Wassermann  was  in  error  in  supptming  that  his  experiment  was  a 
case  of  natund  imn)unity.  It  comes  entirely  within  the  range  of  the 
phenomena  of  acquired  immunity.  In  fact,  the  natural  immtinity 
of  the  guinea-pig  is  only  exhibited  against  a  dose  40  times  less  tiiati 

•  DeuUche  nud,  WchiiKhr.,  Loipxig,  ISOl,  8.  4. 

*  Ann.  de  l'In*(.  P^ntlcnr,  Puris.  1901.  t.  xr,  p.  2<»9. 


192 


Chapter  VII 


tJiat  employed  hy  Wasscrniann.  Consequently  the  control  guinea- 
pigs  whicli  received  sucli  a  huge  quantity  of  the  typhoid  cocco-bacilli, 
going  beyond  40  times  the  limit  of  their  natural  immunity,  require 
to  be  preserve<l  from  death  by  the  injection  of  a  large  quantity  of 
blood  î*eruin  heated  to  60°  C.  from  the  normal  rabbit  This  Berum, 
cleprivcd  of  its  cytase,  retains  its  other  properties,  by  which  the 
oi-ganisra  of  the  guinea-pig  profits,  especially  exercising  a  stimulating 
action  on  the  phagocytes  of  the  guinea-pig.  The  immunity  of  Wasser- 
mann's  control  animals  was,  then,  reixlly  an  acquired  immunity,  the 
result  of  the  introdiiction  into  their  organism  of  the  stimulating 
serum  of  the  rabbit.  Fur  this  reason  an  analysis  of  the  work  of  this 
observer  nnist  be  postponed  until  we  treat  of  the  phenomena  of 
acquired  immxmity  under  the  influence  of  normal  scrnms. 

We  must,  tlien,  pei*ftist  in  the  opinion  that  the  plasmas  of  the 
normal  animal,  containing  no  cytases,  cannot  i>Iay  a  bactericidal  part 
in  natural  immunity,  a  part  which  devolves  upon  the  cytase  contained 
within  the  pliagocytea 

Tliis  result  accords  well,  also,  with  the  whole  of  the  facts  bearing 
on  the  destruction  of  micro-orgaTiisms  in  the  animal  liody.  The 
transformation  into  granules  of  tlic  attenuatjL'd  cliolcni  vibrios  that 
is  sometimes  observed  in  the  peritoneal  e^ivity  during  the  i)criod  of 
phagolysis,  and  the  absence  of  this  transformation  under  conditions 
where  the  peritoneal  leucocytes  are  protected  agiiinst  this  injury,  is 
-^iSl*]  t^l6*''Jy  explained  In  the  first  ciise,  Pttiffer's  phenomenon  is  act  lip 
by  tlie  bactericidal  sxibstance  which  has  escaped  from  the  leucocvtes 
that  have  been  altered  by  the  foreign  substances  injected  into  the 
peritoneal  carity  ;  in  the  second  case,  this  phenomenon  is  not  pro- 
duced because  tlie  leucocytes  remain  intiict.  The  absence  of  this 
granular  transfurniution  in  the  anterior  chamber  of  the  eye  and  in 
the  subcnt-uieous  tissue  is  also  readily  explained  by  the  fact  that  the 
bactericidal  substance,  not  being  ]iresent  in  the  blood  plasma,  cannot 
pass  into  the  exudations  of  the  eye  an<l  subcutuneoua  tissued 

*  Since  Nuttall's  ôr«t  paper  appeared  a  certain  bactericidal  action  of  tlie  aqueous 
humour  lias  been  observed.  This  fact  sliould  be  taken  into  cuu^ideratioii  ia  the 
study  of  tho  question  of  the  phagocjtic  origin  of  the  biietcriciiliil  substance  of  the 
body  fluids.  If  this  substance  really  comes  from  tlie  phagocytes,  it  should  not  bo  found 
in  the  tratiH|)arent  aqueous  humour  that  contains  no,  or  almost  no,  leucocytes.  Now 
this  fluid  sometimes  destroys  a  certain  numlier  of  micro-organ isma.  This  apparent 
contradiction  is  explained  by  tho  fact  that  the  bactericidal  action  may  be  exercised 
by  all  kinds  of  fluids,  such  as  physiohigiual  salt  solutiou,  nutritive  broths,  etc.  The 
lûctericidal  property  of  the  aqueous  humour  comes  into  this  category.    Its  action  is. 


The  bftctericitlal  Bubstance,  then,  ia  essentially  some  Hul>stance 
which  remains  inside  the  uninjured  phagocytes  in  the  living  anin^il 
but  which  escai^es  from  these  cells  when  tlicy  are  iiyured,  either  in 
the  body  of  the  animal  or  outside  in  the  blood  withdrawn  from  the 
organism.  Buchncr  lias  given  to  tliis  substjince  the  name  of  alcxine 
and  we  must  now  determine  whether  this  substance  is  the  same 
cytase  which  digests  the  fonncil  elements  on  their  resorption. 

Suce  his  first  researehes  on  the  power  of  one  normal  blcMid  semm  [204] 
to  dissolve  the  red  corpuscles  of  another  si^ecies,  Buchncr'  has  main- 
tained the  identity  of  the  haemolytic  substituée  vvitli  the  bactericidal 
eub»?tuuce  of  the  same  scrum.  In  both  cases  we  have  to  do,  according 
to  him,  with  one  and  the  same  substance  of  an  albuminoid  nature, 
with  the  same  "alexine."  In  his  later  work,  Buchncr  attemptetl 
to  confinn  and  develop  this  thesis.  B«jrdet-  has,  on  several  occa- 
flioiiB,  brought  forward  arguments  in  favour  of  the  same  view  ;  but 
against  this  Ehrlich  and  Morgeuroth*  have  declared  themselves.  Ac- 
cording to  these  ol)servers  a  single  serum  may  contain  several 
alexines  or  "complements."  The  same  serum  may  even  contain 
two  complements,  one  of  which  is  destroyed  by  heating  to  55"  C, 
whilst  the  other,  much  more  stable  as  to  tlie  action  of  iieat,  resists 
thiâ  temperature.     In  one  of  their  most  recent  memoirs,  Ehrlich 

M  ft  role,  mnch  more  Tceble  than  the  action  of  seruma  and  exudations  and  is  not 
wudited  by  beating  to  5.5'— 56' C.  In  certain  aqueous  humours,  a  little  cjtase, 
9r  trae  bactericidal  substance,  may  come  into  play,  for  vc  find  aqueoiu  humours 
«Uoh  ooagulate  and  vrbich,  wlicn  ceutrifugalincd,  show  a  small  deposit  of  leucocytes. 
Tb6M  remits  have  been  obtained  by  Mme.  Mctchuikoff. 

It  must  not  Ik-  furgottc-n  also  that,  even  in  tlic  bactericidal  action  of  blood 
Mmms,  a  certain  factor  is  the  change  of  niediuui  which  the  wicro-organiams  ex- 
perience with  the  pliisuiolytic  plunomena  which  follow.  Dut  it  is  not  possible  to 
Meribe  to  this  factor  the  whole  of  the  bactericidal  pmiierty  of  seninm  and  exudations, 
BS  is  done  by  liuunignrten  {Arb.  a.  d.  pnl/mL-annt.  Intt.  zh  Tuhincen,  189H,  B»L  in, 
S.  1,  and  Berl.  kliii.  Wehmchr.,  1900.  SS.  136.  Ifi2, 192),  and  his  pupils  Jfittor  and  Wals 
•iqiportcd  by  A.  Fischer  {Zttehr./.  llytf.,  Lcipiiij,  1900,  Bd  xxxv,  S.  I).  The  idea  of 
reducing  the  destruction  of  bacteria  in  serums  and  exudations  to  the  effect  uf  osmotio 
prcMiirc  has  lieen  recently  elaborately  analysed  by  v.  Lingelshciui  {ZUchr.  /,  Hyg,, 
Li'ipxig,  H>ol,  Bd.  I3XVII,  S.  131).  With  ffrewi  justnesisbe  comes  to  the  conclusion  that 
"the  «xintence  in  extravoscular  blood  or  iu  serum,  of  bactericidal  substances  acting 
aa  tolnble  fvrments  con  now  no  longer  be  denied  "  (p.  I(i7\  In  studying  this  question 
we  must  not  lose  sight  of  the  fact  that  these  bactericidal  substances  (alexines, 
t"'-  ".or  c}t«scs)  give  rise  to  tlie  production  in  the  animal  organism  of 

ai.  tul>stances  as  described  by  us  in  the  5th  Cliaiiter. 

'   I'trfi^initl.  d.  Cfiugreitetf.  inn,  Med.,  Wiesbaden,  1&!)2,  S.  273. 

•  Ann.  da  rititl.  Patteur,  Paris,  1900,  t  xiv,  p.  257  ;  1901,  t  xv,  p.  3Ii 

»  Btrl.  Uift.  IVchntehr.,  1900,  88.  «3,  677. 
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and  Morgenrotli  lay  special  stress  ou  the  importance  of  £in  ex])eri- 
ment  which  has  enabled  them,  by  means  of  filtration,  to  separate 
two  complements  from  the  normal  serum  of  the  goat,  one  of  tbein 
attacking  the  red  coi-puscles  of  the  guinea-pig,  the  other  those  of  the 
rabbit. 

Max  Neisser^  has  adopted  this  view  of  the  plurality  of  alexincs. 
According  to  Ehrlich  and  Mor^enroth,  the  same  serum  may  possess 
several  complements  which  attack  the  red  blood  corfiuscles  of  various 
species  and  other  conijilements  which  attack  micro-organisms.  In 
favour  of  this  thesis  Neisser  gives  a  summary  of  his  t'Xi)eriments  on 
tlie  absorption  of  complements  which,  in  his  opiniou,  prove  the 
plundity  of  alesines.  By  centrifugjilising  rabbit's  blood  serum  to 
M'hich  he  had  jjrcviously  added  a  certiiin  nuiidier  of  anthrax  bacilli, 
he  obt<iiue<l  a  fluid  which  no  longer  destroyed  this  bacillus  but 
which  still  dissolved  the  red  corpuscles  of  goat  and  sheep.  There 
are  then,  according  to  Neisser,  in  the  normal  serum  of  the  rabbit,  at 
least  two  diftercut  complements  ;  oue  for  the  bacilli  and  one  for  the 
red  corpuscles. 

With  the  object  of  explaining  the  discrepancy  between  these 
results  and  those  of  his  previous  experiments,  Bordet-  undertook 
[205]  a  new  series  of  researches  on  the  absorption  of  cytases.  He  first 
made  it  clear  that  the  nonnal  red  corpuscles,  when  plunged  into  a 
normal  hacmolytic  serum,  are  incapable  of  fixing  all  the  cytase. 
When  such  a  serum  is  centrifugaliscd,  after  a  prolonged  contact 
with  red  corpuscles  of  a  diH'ereiit  species,  the  fluid  no  longer  dissolves 
normal  ret!  corpuscles.  But  if  these  latter  be  sensibilised  by  means 
of  a  specific  fixative,  the  red  coqjuseles  are  dissolved  in  large 
numbers.  It  must  be  admitted  that  in  this  experiment  we  have 
to  do  with  a  single  cytase  because,  before  centrif'ugalisation,  as  after 
it,  the  red  corijuscles  of  the  same  species  are  aitded.  In  the  first 
case,  however,  these  corpuscles  were  normal,  whilst  in  the  second 
they  were  sensibilised  by  the  fixative. 

When,  after  the  fii'st  part  of  this  expeiùment,  that  is  to  say,  after 
the  fixation  of  a  certain  quantity  of  cytase  by  the  red  corpuscles,  we 
ceutrifugalise  the  mixture  and  add,  not  the  sensibilised  red  corpuscles 
of  the  same  species  but  the  normal  red  corpuscles  of  a  different 
species,  we  find  that  the  latter  still  dissolve  and  fix  a  certain  quantity 
of  cytase.    As  the  first  exiicriment  (with  sensibilised  red  corpuscles^ 

*■  Deutsche  vied.  Wehtuchr.,  Leipzig,  lUOO,  8. 790. 
»  Ami.  df  ilniil.  Pcutmir,  Paris,  1«U1,  L  xv,  p.  303. 


bas  shown  tiiat  the  whole  of  the  cytase  has  not  been  absorbed  by 
the  retl  eorpuscles,  we  readily  understand  that  the  portion  re- 
maining in  the  fluid  will  act  on  the  normal  red  corpuscles  of  another 
Epecic^ 

But  when  we  fix  the  cytase  to  the  sensibilized  red  corpuscles  the 
absorption  becomes  complete  and  the  addition  of  other  8i)ecieè  of 
red  corpuscles  no  longer  produces  any  solution.  It  is  easy,  therefore, 
by  means  of  «ensibilised  red  corpuscles,  to  take  out  the  whole  of  the 
cytase  from  a  senm».  Wiien  to  such  a  serum,  thus  de[)rived  of  the 
vLoIe  of  its  haeniolytic  cytase,  we  add  bacteria,  these  latter  show  no 
aiglï  of  dii'integration  ;  whilst  previously,  that  is  before  the  absorption 
of  the  cytase  by  the  sciisibilised  red  corpuscles,  the  same  serum  was 
highly  bactericidal.  Let  us  take  a  concrete  example  so  that  the  reader 
may  ft»rm  some  definite  idea  of  the  plieuoineiia  observed.  Take  a 
uoruial  rat's  senim  which,  in  a  very  short  time,  transforms  cholera 
ribrios  into  granules  or  deforms  and  dissolves  anthrax  bacilli.  Tlie 
Mune  serum  dissolves  the  red  corpuscles  of  a  difiFerent  species.  We 
will  first  leave  this  sei'um  in  contact  with  these  retl  corpuscles  sensi- 
bilised  by  the  8i)ecific  fixative.  After  the  solution  of  a  quantity  of 
these  red  corpuscles,  let  us  add  to  the  serum  a  few  cholera  vibrios 
or  anthrax  bacilli.  The  vibrios,  in  this  serum,  are  no  longer  trans- 
formed into  granules  and  the  anthrax  bacilli  untlcrgo  no  change  at 
«11  ;  they  stain  in  the  normal  fashion  by  basic  aniline  dyes,  they  [206] 
present  neither  deformations  nor  solution  of  their  contenta.  In 
other  words,  no  bactericidal  action  takes  place  in  a  serum  that  is 
deprived  of  its  cytase  by  seusibilised  red  corpuscles. 

Is  it  necessary  to  conclude  from  this  and  other  analogous  experi- 
inent«  that  the  cytjise,  fixe<l  by  the  scnsibilised  formed  clemeuts  (red 
blood  coqniscles  or  micro-organisms),  is  always  one  and  the  siime 
cytase?  May  it  not  be  that  these  elements,  impregnated  with  si>ecific 
flxatiTes,  become  so  greedy  for  cytascs  that  it  is  easy  for  them  to 
absorb  not  only  one  variety  but  several  species  of  cytases  ? 

The  facts  we  have  summarised  in  Chapter  IV  conceniing  the 
f^tases,  indicée  that  very  probably  there  exist  two  kinds  of  cytases, 
comiected  with  the  two  great  groups  of  phagocytes.  Extracts  of 
the  mesenteric  glands,  of  the  omentunt  and  of  the  exudations,  which 
are  composed  for  the  nmst  part  of  micrriphagcs,  do  not  dissolve  the 
red  cor])ii»cles,  but  arcj  on  the  other  hand,  specially  bsictericidal. 
Saras.oc\ritch  has  «irried  out  numerous  experiments  on  this  point 
ill  m\  laboratory  and  has  brought  forward  a  large  cumber  of  data 
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iu  favour  of  tliis  theory  of  two  phagocytic  cytases.  He  found  that, 
even  wlien  specific  fixative  is  added  to  the  extract  of  microphaçic 
exudiitions  (of  rabbit),  the  sensibiliscd  red  corpuscles  are  not  dis- 
solved. It  must  then  be  accepted  that  microcytiise,  so  active  against 
bacteria,  is  entirely  powerless  against  animal  cells. 

As  the  niicrophages  seize,  though  rarely,  and  digest  red  bloml 
corpuscles,  spermatozoa  and  other  cell.s  of  animal  origin,  it  must  be 
admitted  that  they  also  contain  a  email  quantity  of  macrocytase,  or 
that  the  microcytiise,  given  time,  is  capable  of  dissolving  these  ele- 
nieutn.  On  the  other  hand,  the  niacropliages?,  in  spite  of  their  marked 
predilection  for  animal  cells,  also  ingest  and  digest  certain  bacteria. 
This  is  due  perhaps  to  tlie  jiresence  of  a  little  microcytase  or  to  the 
power  that  the  macrocytase  has  of  attacking  micro-organisms.  These 
questions  are  too  subtle  to  l>e  definitely  resolved  at  [iresent. 

The  duality  of  the  cytJ»j<es  does  not  clash  with  the  expérimenta  of 
Bordet  summarised  above.  We  have  only  to  admit  that  the  formed 
[207]  elements,  once  they  arc  impregnated  with  specific  fixatives,  become 
capable  of  absorbing  not  only  the  cytase  which  digests  them,  but  also 
another  which,  without  dissolving  them,  is  simply  fixed  to  them.  Here 
we  should  have  a  phenomenon  analogous  to  the  fixation  by  fibrin 
of  diastases,  other  tlian  trypsin  and  pupsin,  or  to  the  fixation  by  silk 
threads  of  all  kinds  of  solulile  ferments. 

It  may  be  accepted,  then,  that  the  phagocytes  elaborate  two 
cytases  :  macrocytase,  active  for  animal  cells,  and  niicrocytase,  which 
digests  bacteria.  This  result  up  to  a  certain  point  ha»  been  an- 
ticipated by  Schattenfroh's'  experiments  and  foreseen  by  Max  Neisscr 

(Z.C.). 

It  has  already  been  noted  that  the  reaction  inside  the  phagocytes 
is  usually  feebly  or  very  feebly  acid,  and  only  rarely  distinctly  al- 
kaline. On  the  other  hand,  it  is  well  known  that  cytases,  in  serums, 
act  in  an  alkaline  medium.  It  is  certidn  therefore  that  these  soluble 
ferments  can  carry  on  the  process  of  digestion  under  varied  con- 
ditions. Hegeler-,  working  in  liuchner's  laboratory,  has  studied 
the  influence  of  the  alkalinity  and  acidity  of  the  medium  on  the 
bacterieidtd  action  of  scrum.  He  conies  to  the  conclusion  that  the 
destruction  of  micro-organisms  can  take  place  in  a  serum  to  which 
has  been  added  small  quantities  of  alkali  (carbonate  of  soda)  and 
also  in  a  weakly  acid  senmi  (from  the  addition  of  small  quantities 

'  Arch./.  Hytj.,  llunchen  a  Leipzig,  ISay,  Bd,  xxxv,  S.  109. 
'  Arch./.  Hyg.,  Mûnchen  u.  Leipzig,  1901,  Bd.  xl,  8.  376. 
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«>f  sulplmric  acid).     Once  the  serum  becomes  distinctly  acid  the 
b«ctenci<hd  power  disappears  at  once. 

Our  knowledge  of  the  cyta-ses,  as  a  whole,  leads  us  to  approximate 
these  dia8tn.<es  to  the  group  of  trypsiiisi,  papain,  amoelxniiastiise  and 
actluodiustase.  Tlie  cytises  are  elabonited  by  the  phagocytes,  but 
are  not  secrete<l  into  the  plasmas  and  they  remain  inside  the  cells  so 
long  as  these  cells  remain  uninjured. 

In  this  respect  the  cytises  must  be  placed  in  the  group  of  the 
"  Endo-enzymcs,"  according  to  the  nomenclature  of  Huhn  aiul  Geret'. 
These  observers  have  airefully  studied  the  proteolytic  diustuHe  of  the 
yeast  of  beer  which  likewise  acts  inside  the  cells  without  ever  being 
excreted  This  diastase,  to  which  they  give  the  name  of  "yeast  endo- 
trjrpsin  "  (Hefeendotrypsin),  presents  in  general  an  undeniable  rcla- 
tk>iishii>  with  the  phagocytic  cytiises,  from  which  it  is  distinguished  [208] 
however  by  a  greater  sensitiveness  to  alkalis.  Kut^cher^  in  his 
researches  on  autotiigestion  in  yesist  has  established  analogous  facts. 

The  cytases  and  endotrypsin  are  consequently  endo-enzymes,  as 
are  also  amoebodiastase,  actinodiastase,  plasmase  (fibrin  ferment) 
and  the  zymase  of  E.  Buchner.  All  remain  confined  within  the  cells 
which  have  manufactured  them  and  are  not  secreted  or  excreted,  as 
are  the  sucrase  and  iuvertin  produced  by  yeasts  or  Mucediuae. 

Our  present  knowledge  on  the  cytasea  is  as  yet  far  from  perfect, 
which  is  not  astonishing,  seeing  how  recently  the  (piestion  has  been 
brought  forward.  The  cytases  found  in  the  serum  of  the  same  animal 
are  the  same,  for  we  have  seen  tiiat  the  macrocytaso  which  dissolves 
red  blood  corpuscles  is  the  same  which  digests  sfjermatozoa  ;  whilst 
the  flame  microcytase  digests  bacilli,  spirilla,  and  cocci.  But  in  the 
«terums  of  different  si>ecies,  the  cytases  differ.  Tims  the  cytases  of 
the  th»g  are  not  the  same  as  arc  those  found  in  the  serums  of  the 
rabbit  or  horse.  Whilst  the  majority  of  the  cytases  are  very  sensitive 
to  heat  and  are  destroyed  at  a  terapeniture  of  55' — 66'  CX,  some, 
<•,</.  the  microcytase  of  rat's  serum,  resist  this  tenqiemture  and  are 
oidy  destroyed  at  65'  C,  presenting,  consequently,  an  example  of 
cTtiûe  stible  to  heat  similar  to  that  discovered  by  Ëhrlich  and 
Morgenroth. 

It  i»  as  yet  very  difficidt  to  establish  whether,  besides  the  cytases, 
tliere  exist  other  endo-enzymes  within  phagocytes,  that  is  to  say, 
wluble  ferments  which  do  not  pass  into  the  serums  on  the  destruction 

»  ZUcJu:  /.  £pd.,  Muiiclien  u,  Berlin,  IHOO.  Bd.  xt.,  .S.  117. 
•  Sitzuiij/tb,  d.  tialnrjortch.  OetelUch.  su  iJurburf/,  1900. 
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of  tlie  phagocytes,  but  continue  within  these  cells.  Oar  present 
methods  of  investigation  do  not  enable  us  to  come  to  anr  conclusion 
on  this  point  We  know  only  that  the  digestion  of  the  formed 
elements  is  more  complete  inside  the  phagocytes  than  in  the  serums, 
Thu»,  a»  we  have  seen  in  Chapter  IT,  the  best  spennotoxic  an<l 
haemolytic  serums  never  digest  either  spermatozoa  or  the  nuclei  of 
the  red  corjju-ecles  of  birds.  And  yet  these  elenieut*  are  completely 
di-vsMïlved  in  the  phagocytic  contents.  Does  this  difforence  dej)end 
on  the  fact  that,  in  the  serums,  we  get  only  a  very  small  [»art  of  the 
(80&J  macnwytane,  or  upon  the  injurious  influence  of  the  alkalinity  of  the 
wruni))  on  the  macrocytase  which  acts  better  in  weakly  acid  media, 
or  on  the  presence  in  the  phagocj'tes  of  other  endo-enzymes  still  un- 
known ?  These  are  questions  to  which  at  present  no  definite  answer 
can  Ije  given. 

JuMt  as  animal  cells,  when  ingested  by  phagocytes  during  resorp- 
tion (t»cc  Cluij».  IV),  inuiicdiutely  become  permeable  to  stains,  so  in 
natunil  immunity  do  micro-ui-ganisms  tiiken  into  phagocytes  acquire 
the  same  projjerty.  Very  often,  under  the  influence  of  the  phagocytic 
action,  the  ingested  micro-organij^nis  become  st;»inable  by  eosin  (fig. 
36).  This  eosinophilu  transformation  has  been  observed  iu  the  cholera 
vibrio,  the  anthrax  bacillus  and  in  Proteus  vulgaris.  It  is  probably 
widely  diffused  among  the  phagocytised  bacteria.  Tins  fact  <lemon- 
stnitcs  clearly  that  at  least  some  of  the  eosinophile  gi-auules  are 
derived  from  foreign  Iwdies  ingested  by  the  phagocytes.  Others  of 
these  grsinules  arc  prolwljly  the  result  of  tlie  transformation  of  soluble 
substances  absorbed  by  the  phagocytes.  Iu  fact,  during  inflammation, 
many  microphages  which  contain  no  foreign  solid  boily,  may  often  be 
seen  cliarged  witli  a  quantity  of  small  pseudo-eosinophile  granides. 

Certain  vibrios  and  bacilli,  when  ingested  by  micropliages,  become 
transfonned,  almost  immediately,  into  spherical  granules.  The  cholerd. 
vibrio  undergoes  tlie  same  tnuisformatioii  in  the  peritoneal  exudation 
at  the  moment  of  phagolysis,  as  also  in  blood  serum.  The  BacUhts 
colt,  the  typhoid  bacillus,  and  certain  other  cocco-bacilli  do  not  change 
in  the  least,  or  change  very  slightly  in  serum,  but  exhibit  the  trane- 
formatiou  into  gi-jmules  when  inside  microphages.  The  macrophages, 
on  the  other  hand,  digest  the  same  bacteria  (vibrios  and  cocco-bacilli) 
without  these  bacteria  presenting  any  signs  of  this  change  of  form. 
The  bacterial  membrane  resists  the  influence  of  the  pliagocytic  diges- 
tion longer  than  do  the  contents,  but  is  in  the  long  run  also  completely 
digested.    After  the  ingestion  and  destruction   of  micro-organisms 


by  the  phagocytes,  d(5bris  of  indeterminate  form  may,  for  long,  be 
found  in  the  cells,  but  I  have  never  been  able  to  demonstrate  any 
Milid  excreta  from  them.  We  must  suppose,  then,  that  the  undigested 
portions  are  not  thrown  out  from  the  pliagocytes. 

Wlien  describing  the  solution  of  red  blood  corpuscles  by  normal 
■enina»,  we  have  mentioned  Ehrlich  and  Morgenroth's  view  that 
the  cytases  are  incapable  of  fixing  themselves  to  these  cells  with-  [210] 
out  tlie  help  of  fixatives.  They  cite  in  support  of  their  opinion 
several  examples  of  fixatives  (inlcnnediary  substances  or  "Zwischen- 
korper")  discovered  by  them  in  tlie  scrums  of  various  species  of 
tnammals.  Is  this  so  with  microcytsise  in  respect  to  micro-organisms? 
If  this  soluble  ferment  is  incapable  alone  of  fixing  itself  upon  the 
bodies  of  tiiese  parasites,  the  help  of  fixatives  would  be  indis]icn3ablo 
to  it  The  bactericidal  property  of  the  microcytase,  then,  would 
dc|>end  on  the  existence  of  another  body  (fixative)  wliich,  perhaps, 
migiit  nt)t  owe  its  origin  to  phagocytes.  The  problem,  then,  has  a 
wide  general  range. 

Id  one  of  his  memoirs,  Bordct^  had  already  raised  the  question  of 
the  existence  of  this  sensibilising  (or  fixative)  property  in  normal 
serums.  By  mixing  two  normal  serums  coming  from  different  species, 
he  Vina  sometimes  able  to  demonstrate  the  existence  of  such  fixatives. 
Tbiis  the  cholera  vibrios,  which  do  not  undergo  gmnular  transforma- 
tion in  either  the  normal  serum  of  the  horse  (which  is  capable  only 
of  arresting  tlieir  movements  and  agglutinating  them  into  a  mass) 
or  iu  that  of  the  normal  guinea-pig,  readily  become  transformed  into 
granules  when  placed  in  contact  with  a  mixture  of  the  two  serums. 
Bonlet,  however,  refrains  from  any  hasty  generalisation  on  this 
observation  and  proposes  to  make  fresh  researches  on  this  subject 
Indcpendeutly,  Moxter-  has  attempted  to  demonstrate  the  presence 
of  fixative  in  the  normal  scrum  of  tlie  guinea-pig.  Wiieu  deprived 
of  cytases  by  beat,  this  senun  is  ineajiable  of  transforming  the  cholera 
vibrios  into  granules  ;  but  when  fluid  from  the  jteritoneal  exudation 
of  the  same  guinea-pig  is  added,  the  transformation  takes  place 
Tery  rapidly.  Nevertheless,  as  this  exudation  was  already,  by  itself, 
capable  of  producing  Pfeiflèr's  phenomenon,  Moxter's  conclusions  on 
the  presence  of  the  fixative  in  the  normal  guinea-pig's  senim  cannot 
be  accepted  without  a  fuller  analysis  of  the  facts,  and  this  demands 
treeh  researches. 

'  Ann.  de  flntt.  Patleur,  Piiri»,  1899,  t  Xin,  p.  296. 
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A  recent  investigation,  e.uTie<l  out  by  Bordet^  in  collaboration 
■with  (Jengou,  devoted  to  the  study  of  the  absoqjtion  of  cytases 
by  niicro-organisuis  that  have  been  sensibilized  by  means  of  fixa- 
tives, also  gives  ua  informution  on  the  qia>tion  which  now  occupies 
[211]  us.  It  was  easy  to  deinonstniite  tlie  iireseiice  of  iixative  in  the 
Berunis  in  the  case  of  the  cholera  vibrio  and  its  allies,  by  reascui 
of  their  transformation  into  granules,  appreciable  on  micwscopical 
exaniination.  When  a  serum,  which  of  itself  is  iucaiwible  of  set- 
ting up  this  tniijsfornuition,  pruduces  it  directly  we  add  another 
serum  heateil  to  5û'  C,  we  must  cunchtde  that  the  latter  fluid 
contains  the  cluilcni  fixative,  whilst  the  former  contains  only  cytases. 
But,  as  the  majority  of  bacteria  do  nut  unilergo  any  analogous  traus- 
forniation  in  serums,  we  are,  in  these  cases,  without  any  criterion  as 
to  the  presence  of  fixative.  Bordet  and  Gcrigou  have  elimiuuted  this 
inconvenience  in  determining  the  fixation  of  alexine  by  bacteria 
which  uiulergo  neither  granular  transformation  nor  any  other  visible 
change.  A  normal  uidieated  serum,  which  always  contains  a  sufficient 
quantity  of  cytases,  is  mixed  with  any  micro-organism,  e.g.  with  the 
anthi-ax  bacillus  or  the  cocco-bacillus  of  phi*;ue.  The  senira,  decanted 
after  a  prolonged  contact  v^'ith  these  bacteria,  lemains  quite  as  capable 
of  dissolving  the  red  corpuscles  of  a  determined  foreign  species  as  it 
was  originally.  This  proves  tliat  cytases  remain  in  the  serum  and 
that  they  have  not  been  absorlwd  by  the  bacteria.  Repeat  tlie  same 
experiiiient  with  tliis  difference,  that  instea<l  of  normal  aiitiinix  bacilli 
or  plague  cocco-bacilli  we  introduce  into  the  uidieated  uoruial  serum 
these  bacteria  after  they  have  been  sensibilised  by  the  corresponding 
fixatives  (tliiit  is  to  say,  previously  submitted  to  the  influence  <jf  specific 
serums  heated  to  55°  C).  After  contact  for  a  certain  lengtli  of  time 
with  these  Ijactena  the  serum  is  no  longer  capable  of  dis.solving  the 
red  corpuscles  of  a  determined  foreign  species,  tiuis  demonstrating 
that  the  cytases  have,  thanks  to  the  help  of  the  fixatives,  been  Ibdced 
to  the  bacteria.  We  see,  therefore,  that  it  is  easy  to  iletermine 
whether  a  serum,  whose  properties  are  unknown,  contains  fixatives 
or  not.  It  is  heated  to  55°  C.  and  mixetl  with  normal  unheated  serum 
to  which  bacteria  are  added.  If,  after  contiict  with  these  latter 
the  uomial  sennn  has  lust  the  power  of  dissolving  tiie  red  corpuscles 
(which  it  was  capable  of  dissolving  previously),  it  is  because  its 
cytases,  thanks  to  the  fixative  which  must  be  present  in  the  heated 

1  Ann.  de  CInit.  Piitleui;  l'urifl,  1901,  t  xv,  p.  289. 
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sernm,  hare  been  absorbed  by  tlie  bacteria.     Id  the  otlier  case,  we 
conclude  the  uon-existcnce  of  the  fixative. 

lu  their  researclies,  Bordet  and  fJeiigou  often  em|)loj'ed  normal 
unheated  serunjs  to  wliich  they  added  several  species  of  bacteria. 
They  «lemoiistrate<l  that  in  these  mixtures  the  cytases  remained  ['212] 
int^'jct  or  neîirly  so.  Tliese  soluble  fermenta  were  scarcely,  if  at 
all,  alisorbed  by  the  Iwicteria,  which  proves  that  in  the  nonnal 
serums  tliere  are  no  fixatives  in  any  apj»ivciable  quantity.  Of  all 
their  experiments  the  one  that  interests  us  most  was  airried  out 
with  Proteus  vn/grn-is.  Tliis  organism  placed  in  prolonged  contact 
with  normal  g\duea-pig's  serum  shelved  itself  incapable  of  absorbing 
or  fixing  anything  beyond  the  most  minute  quantities  of  the  cyfcises. 
There  is  consequently  no  fixative  for  ProUttH  in  normal  guinea-pig's 
serum,  or,  if  any  exists,  it  is  only  in  negligible  quantity.  And  yet 
this  same  Proteus  vulgaris^  wlien  injected  into  guinea-pigs,  was  in 
a  short  time  ingested  and  dcstroye<l  by  the  phagocytes  which  assure 
Ui  tfie  animal  a  natural  iunuunity  of  the  most  stable  character.  The 
facility  with  whicli  the  leucocytes  of  tlie  giunea-pig  devour  the 
Frote'Uii  follows,  among  others,  from  an  experiment  by  Bordet' 
carried  out  with  quite  anotlier  object  A  guinea-pig,  very  ill  as  tlie 
result  of  the  injection  into  its  peritoneal  cavity  of  a  very  virulent 
streptococcus,  contained  in  the  peritoneal  exmlation  a  quantity  of 
empty  micro|)liages  incapable  of  ingesting  these  streptococci.  At 
this  critical  moment  there  was  injected  into  the  same  position  a 
mass  of  Proteus  vulgaris.  "  At  the  end  of  a  very  short  time,  it  is 
seen  that  the  leucocytes  which  energetically  refuse  to  ingest  strepto- 
Cf)cci  greedily  seize  upon  the  new  organism  offered  to  them  ;  and  at 
the  end  of  half-an-hour  the  whole  of  these  organisms  arc  found  in- 
side phagocytes." 

Here,  then,  we  have  an  actual  proof  of  tlie  fact  that  the  phago- 
cytes, in  order  to  rid  the  animal  organism  of  a  microbe  and  assure 
to  it  a  natural  immunity,  have  no  need  of  any  previous  help  from  an 
extrapliagocytic  fixative,  llie  phagocytes  act,  so  to  speak,  niotn 
propria,  and  tliemselves  bring  about  the  resorption  of  the  intruders. 
The  question  of  fixatives  in  normal  serums,  then,  loses  its  importance 
for  us  and  their  origin  no  longer  presents  any  cssentiid  interest  for 
the  problem  with  which  we  are  at  present  occupied. 

Can  we  conclude,  fi'om  the  data  just  summarisetl,  that  the  cytases, 
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wbict  in  several  respects  approximate  to  the  trypsins,  liave  this 
further  feature  in  common  with  them  that  they  can  act  without  the 
help  of  any  fixative?  It  is  known,  as  mentioned  in  Chapter  III,  that 
trypsin  can  digest  alone,  or  in  collaboration  with  enterokynase,  that 
ferment  of  tlie  intestinal  juice  whicli  acts  as  such  a  j)0werful  ad- 
[2i3].juvant  to  the  pancreatic  ferments.  Is  this  also  the  case  with  the 
cytases?  Tlie  ftict  that  wlien  Protem  vnlgaris  is  placed  in  contact 
with  normal  unhcated  guinea-pig's  senim,  it  is  incapable  of  absorbing 
cytases,  altliough  it  is  so  readily  digested  by  pliagocytes,  indicates 
rather  that,  for  tlie  fixation  of  cyta^^cs,  the  help  of  the  fixative  is 
indispensable.  But,  as  this  fixative  is  absent  from  the  serum,  and 
since,  nevertheless,  it  must  exist  for  tlie  nee<ls  of  digestion,  it  must 
clearly  be  concluded  that  it  is  found  inside  the  phagocytes.  Its 
quantity  is  perliaps  so  small  that  when  it  has  passed  into  the  serum 
its  action  is  entirely  lost  or  nearly  so.  Fresh  researches  are  necessary 
to  elucidate  this  delicate  point. 

But  perhaps  the  phagocytes  which,  as  we  have  just  seen,  can 
engage  in  a  struggle  with  and  ingest  the  micro-organisms  without  the 
latter  being  previously  modified  by  the  fixative,  may  be  incapable 
of  fulfilling  their  functions  without  the  help  of  some  other  substance 
circulating  in  the  blood  plasma?  Amongst  these  substances  is  one 
which  manifestly  acts  upon  the  micro-organisms  by  rendering  them 
motionless  and  agglomerating  them  into  mai?scs.  This  agglutinative 
property  is  met  witl»  in  the  nomial  fluids  of  many  species  of 
animals  and  is  exercised  upon  many  bacteria.  It  may  be  demou- 
stiiited  not  only  in  the  blood  scrum,  but  also  in  the  fluids  of 
transudations  and  exudations  and  in  certain  secretions  such  as 
milk,  tears,  and  urine.  Little  is  known  as  yet  of  the  mechanism  of 
this  agglutinative  action,  anil  we  can  the  more  readily  refrain  from 
entering  into  details  concerning  it  as  it  is  of  no  great  importance 
from  the  point  of  view  of  natural  immunity. 

In  the  preceding  chapter  we  have  already  spoken  of  the  ingestion 
of  cholera  vibrios  iu  the  peritoneal  cavity  of  guinea-pigs.  In  those 
cases  in  which  the  animals  exhibit  an  efiective  resistance,  the 
phagocytes  devour  the  vibrios  whilst  they  still  exhibit  very  active 
movements.  Even  when  a  large  majority  are  already  seized  by  the 
leucocji.es  and  only  a  few  isolated  free  vibrios  remain,  these  latter 
still  continue  to  exhibit  normal  movement."?.  Tliese  facts,  repeatetUy 
observed,  clearly  denioastnit*  that  phagocytosis  may  take  place 
without  any  previous  agglutinative  action  ;  this  does  not,  however, 
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prevent  the  ruicro-organisms,  M-hen   uinted  iuto  motionlcâs  masses, 
from  being  ingested  by  the  leucocytes  Mith  greater  ease. 

In  the  c}i8e  of  the  tyiihoid  bacillus,  one  of  the  most  active  of  bacteria, 
the  same  facts  may  be  observed  aa  in  the  case  of  the  cholera  vibrio,  [214] 
In  animals  that  remain  unaflected  we  often  see  the  last  free  bacilli 
moving  about  actively  between  the  leucocytes  filled  with  microbes. 
In  many  other  example*  of  natnnU  immunity  we  constantly  meet 
with  phagocytes  containing  but  a  single  or  a  small  number  of  micro- 
urganisms  (streptococci,  yeasts,  etc). 

Tlie  presenc-e  of  motile  micro-organisms  inside  phagocytes  proves 
also  tliat  it  is  possible  for  these  cells  to  do  without  the  help  of  agglu- 
tinative substance  in  carryiug  on  their  protective  work.  The  most 
carefully  studied  case  of  the  relations  between  natural  immunity  and 
agglutination  is  that  met  with  in  tlie  anthrax  bacillus.  We  owe  it  to 
Gengou',  who  at  the  Lit'ge  Bjicteriological  Institute  carried  out  a  very 
(letjiiled  investigation  on  this  question.  He  showed  that  the  bacillus 
of  Pasteur's  first  anthrax  vaccine  is  agglutinated  by  tlie  blood  serun»  of 
a  grcîit  number  of  animals.  But  he  also  showe<l  that  the  serums  whicli 
have  the  greatest  agglutinative  action  on  this  bacillus  do  not  come  from 
the  most  refractory  species.  Htnnan  scrum  agglutinates  most  strongly 
tl»e  bacillus  of  the  first  vaccine  (in  the  proportion  of  one  part  of 
«•rum  to  500  parts  of  culture)  but  man  is  far  from  being  exempt 
from  anthrax.  Pigeon's  serum,  on  the  other  hand,  is  completely 
without  any  agglutinative  power,  although  this  species  resists  not  only 
the  first  vaccine  but  very  often  even  virulent  anthrax.  The  eerum 
of  the  ox,  a  species  susceptible  to  anthr.ix,  is  more  agglutinative 
(1  :  120)  than  that  of  the  refractory  dog  (1  :  100).  There  are,  how- 
ever, exceptional  cases  in  which  the  agglutinative  property  cor- 
responds to  the  degree  of  susceptibility.  Thus  the  serum  of  the 
mouse  has  not  the  slightest  aggluttuiitive  action  on  the  bacillus  of 
tlie  first  vaccine.  But  alongside  this  example  is  that  of  the  rat,  a 
species  of  modcmte  susceptibility  to  anthrax,  whose  serum  possesses 
the  least  agglutinating  power  of  all,  acting  only  in  the  pro|)ortiou 
of  1  :  10.  All  these  facts  fully  justify  the  conclusion  formulated  by 
Gengou  that  "  we  cannot  establish  any  relation  between  the  aggluti- 
nating power  and  the  refractory  state  of  the  animals  to  anthrax  " 
(pw  319).    This  conclusion  may  be  extended  to  the  phenomena  of  the 

'  Arch,  internat,  de  Pharmaendyn.,  Gand  ©t  Parian  1899,  t  vi,  p.  299  ;  Ann. 
eU  ritut,  Piutaur,  Pari»,  1699,  t.  xm,  p.  042. 
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agglutination  of  inicro-organistns  aud  to  those  of  natural  immanity 
ill  general. 

Amongst  the  properties  of  humours,  there  exists  one  which  might 
l)la5'  a  part  in  natural  immunity  ag-ainst  micro-organiems.  I  mean  the 
[215]  power  posâeâscd  by  the  blood,  and  certain  other  fluids  of  the  animal 
b(xly  to  neutralise  the  action  of  microbial  poisons.  Perluqis,  it  may 
be  suggestetl,  the  phagocyte*  are  not  capable  of  commencing  to  do 
their  work  except  after  a  previous  action  of  antitoxins.  After 
the  neutralif^atlon  of  the  principal  means  possessed  by  the  micro- 
organis^nis  to  injure  the  orgjmism,  these  parasites,  having  been  ren- 
dered innocuous,  might  be  readily  destroyed  by  the  phagocytic  cells. 
We  have  already  had  occasion  to  treat  this  fundamental  question. 
Thus,  we  have  iiisiste<l  in  the  preceding  chapters  on  the  absence  of 
any  parallelism  between  immunity  against  micro-organisms  and  that 
against  their  toxins,  taking  as  our  examples  anaerobic  bacteria  (tet- 
anus bacillus,  septic  vibrio,  bacillus  of  symptomatic  anthrax)  in  con- 
nection with  which  phagocytosis  takes  place  without  any  help  from 
the  antitoxic  fiinction. 

We  must  now  i)as8  directly  to  the  examination  of  the  question 
of  antitoxins  in  the  fluids  of  animals  naturally  refractory  to  the 
micro-organisms  and  of  the  ultimate  part  played  by  them  in  this 
immunity. 

Examples  of  tlie  presence  of  antitoxic  serum  in  normal  animals 
are  very  rare.  It  might  be  supposed  that  animals  eiidowetl  with 
natural  immunity  against  micro-organisms  ami  at  the  same  time 
against  their  toxins,  present  an  ap{)rcciable  natural  antitoxic  power. 
IjCt  us  examine  some  of  the  more  typical  examples.  The  fowl  enjoys 
a  ver}'  marked  immunity  against  the  tetanus  bacillus  and  its  toxin  : 
its  blood  and  its  serum,  however,  as  demonstrated  by  Vaillard', 
exhibit  no  antitoxic  power;  this  observation  has  been  confirmetl 
by  several  other  workci-s.  The  rat  is  very  refractory  to  diphtheria  ; 
it  resists  subcutaneous  inoculation  of  a  large  quantity  of  diphtheria 
bacilli  and  vigorously  withsUinds  diphtheria  toxin  when  injected  any- 
where but  into  the  brain.  It  has  been  demonstrated  by  Kuprianow*, 
in  an  investigation  carried  out  under  Loetfler's  direction,  that  the 
blood  serum  and  the  emulsion  of  the  organs  of  the  grey  rat  {Mun 
decumamis)  possess  no  antitoxic  property.    This  fact  has  been  con- 

'  Compt.  rend.  Soe.  de  biot,,  Paris,  1891,  p.  464. 

■  Centralbi./.  BakterioL  u.  Paratitmk.,  Jena,  169*,  Bd.  xn,  8.  415. 
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finiie<l  l>y  other  observera.  Von  Behring  \  in  a  review  of  tlie  pheno- 
mena of  immunity  in  general,  sums  up  this  question  as  follows  :  "  we 
find  no  itntitoxiu  in  the  blood  of  indiviiluals  that  are  naturally 
refractonr'."  There  are,,  however,  certain  exceptions,  jn'rhaps  oidy  [216] 
apjKirent^  to  this  rule.  Thus  Wasserniaun-  has  shown  that  blowl 
eerum  from  healthy  human  beings  is  sometimes  antitoxic  to  the 
diphtheria  poison.  The  individuals  who  furnished  this  antitoxin 
maintiiined  that  they  had  never  sullered  from  diphtheria.  We  know, 
however,  that  this  disease  is  sometimes  present  in  so  benign  a  form 
that  it  may  pa.ss  uiniotieed.  ]More  conclusive  appears  the  example 
uf  normal  horses  whose  blood  serum,  as  dcmonstnited  by  Meade 
Bolton"  and  Cobbett*,  is  very  often  antitoxic  for  the  diphtheria 
loxin.  Tins  property,  however,  is  not  found  in  every  horse  ;  in 
certain  individimis  it  is  entirely  absent.  This  last  fact  affords  an 
indication  that  the  antitoxic  property  in  the  bloo<l  of  horses  has 
been  acipiired  as  the  resuit  of  some  affection  pro<hieed  by  a  bacillus 
allied  to  the  diphtheria  bacillus.  This  view  hiis  not  yet  been  sufficiently 
examined  and  consetjucutly  canTiot  claim  to  be  acce])ted  as  settled. 
Itecently,  Max  Xeisser  and  Wechsberg''  have  discovered  an  antitoxin 
in  human  blood  which  is  capable  of  preventing  the  solution  of  the 
retl  corpuscles  by  the  toxin  of  staphylococci.  This  antitoxic  jwwer 
Taries  considerably  in  different  in<lividuals  and  is  probably  to  be 
aocouuted  for  by  the  fact  that  the  staphylococcus  is  one  of  the  most 
widely  diffused  organisms  among  tlie  bacterial  flora  of  the  human 
bofly.  The  small  lesions  produced  by  these  micro-organisms  (acne, 
boils,  etc.)  are  so  frerpient  in  man  that  they  may  readily  bring  about 
the  production  of  an  antitoxin.  In  tliis  case,  however,  we  have  again 
an  example  of  acquired  antitoxic  i)ower. 

The  examples  just  summarised  can  in  no  way  affect  the  general 
thesis  that  the  phagocytes,  in  order  to  fulfil  their  raicrobici<lal 
function  in  an  animal  endowed  with  natural  immunity,  have  no  need 
of  any  previous  action  of  the  body  fluids  to  neutralise  the  correspond- 
ing toxins. 

'  Article  "ImniunitSt"  in  the  3rd  edition  of  EuleubniY'a  Real-Encyclopadie, 
Wien,  189(>. 

'•'  Deitttche  med.  Wehntehr.,  Leipzig;,  1894,  8. 120  (of  Vercins-Beiluge). 
"  [Journ.  Ej-per.  Med..  Now  York,  I81>6,  Vol.  I,  p.  543.] 

•  [Ji)H.m.  Path,  ami  liacterioi,  Edin.  ami  London,  1896,  VoL  m,  p.  328  ;  Laneet, 
Loudou,  1S99,  Vol.  II,  p.  332;  Ckntralbl.  f.  BakterioL  u.  ParatiUnk,,  Jena,  1699, 
V  Aht.  Bd.  XXVI.  S.  548.] 

*  ZUehr.f.  Hyg.,  liCipzig,  1901,  Bd.  xxxvi,  8.  299. 
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The  facts  and  views  analysed  in  these  two  chapters  afford  ns  a 
general  picture  of  the  phenorueiia  exhibited  in  natural  intmtinit)' 
against  micro-organisms.  The  dominant  feature  is  represented  by 
the  phagocytic  reaction  that  is  observed  throughout  the  animal 
series  and  that  is  exercised  against  parasites  belonging  to  all  the 
microbial  groups.  Phagocytosis  is  exhibite<l  not  only  by  the  macro- 
[217]  phages  but  also,  in  a  high  degree,  by  the  microphages  which  stand 
out  as  the  defensive  cells  par  i'^tcellence  against  niicro-organisra». 
Their  action  is  divided  into  a  series  of  vital  physiological  acts,  such 
as  sensitiveness  to  the  micro-organisms  and  their  protlucts,  amoeboid 
movements  which  serve  to  ingest  the  micro-organisms,  ajid  into 
chemical  and  physico-chemical  processes,  such  as  the  destruction  and 
digestion  of  the  devoured  organisms. 

The  phagocytes  enter  into  a  struggle  against  the  micro-organisms 
and  rid  the  animal  organism  of  tliem  without  requiring  any  previous 
help  on  the  part  of  the  body  fluids.  Phagocytosis,  exercised  against 
living  and  vinilcnt  micro-organisms,  is  sufficient  to  ensure  natural 
immunity.  The  bactericidal  power  of  tlie  serum,  which  for  a  long 
time  served  as  the  basis  for  a  humoral  theory  of  inmiunity,  represents 
merely  an  artificial  property,  developed  in  consequence  of  the  setting 
free  of  the  microcytase  of  the  leucocytes  that  have  become  disinte- 
grated after  the  blood  has  been  drawn.  The  agglutinative  jîower  of 
the  normal  fluids  of  the  body  plays  no  important  part  in  natm'al 
immunity. 

The  jthagocytes,  in  order  to  fulfil  their  function,  can  attack 
micro-organisms  that  are  capable  of  producing  toxins.  Any  anti- 
toxic action  against  these  bacterial  poisons  is  in  no  way  necessary 
to  allow  of  phagocytosis  coming  into  action. 

Taken  as  a  whole,  the  data  collected  on  natural  immunity  against 
micro-organisms  clearly  demonstrate  that  the  dcstriiction  of  these 
parasites  in  the  refractory  animal  organism  represents  merely  a  special 
phase  of  the  resorption  of  fortned  elemeuls. 


SURVEY  OF  THE  FACTS  BEARING  ON  ACQUIRED 
IMMUNITY  AGAINST  MICRO-ORGANISMS 

Tbe  diaeoTcry  of  attenuated  vinuca  and  ita  application  to  vaccination  against 
infective  diseases. — Vaccination  by  microbial  products. — Vaccination  witli 
•vrunia. — The  acquired  iniinuuity  of  the  frog  agaiust  pyocjanic  disease. — The 
acquirc«^l  immnnitj  against  vibrios. — Estracellukr  destruction  of  the  cholera 
vibrio. — Part  played  by  two  substances  in  Pfeiffer'a  phenomenon. — Specificity  of 
fixatives. — Piiagolygis  and  ita  relation  to  the  extracellular  destruction  of  vibrios. — 
Part  played  by  phagocytosis  in  the  acquired  immunity  against  vibrios. — Fate 
of  the  spirilla  of  recurrent  fever  in  the  organism  of  immunised  guinea-pigs. — 
Acquired  immunity  against  the  bacteria  of  typhoid  fever  and  pyocyauic  disease, 
—Acquired  immunity  against  swine  erysipelas  and  anthrax. — Acquired  immunity 
agunst  the  strepiococcus. — ^Tho  acquired  immunity  of  rats  against  Tryjiatu^toma, 

CvRTMS  of  the  hyiwtheses  ou  acquired  ininntnity  are  of  as  ancient 
origin  as  are  those  on  natural  immunity.  For  example,  it  has  for  long 
I)cen  kno^vn  that  man  is  constitutionally  refractory  to  certain  diseases 
which  are  very  fatal  to  cattle.  It  has  also  been  recogniiWMi  that  after 
a  first  attack  of  a  contagious  tlisease,  such  as  small-pox,  measles, 
Bcarlatina,  typhoid  fever,  etc,  man  acqiiires  a  lasting  immunity  ;  and 
that  the  same  rule  applies  to  domestic  animals,  foFexample,  cattle 
that  have  recovered  from  cattle  plague  or  sheep  that  have  got  better 
from  sheop-pos,  become  refractory  against  these  diseases. 

The  discoveries  of  variolisation  and  vaccination,  as  methods  of 
conferring  on  man  a  resistance  to  sniall-pox,  have  notably  advanced 
our  knowletlge  upon  acquired  inniiuuity.  The  researches  on  the 
properties  of  vaccine  had  already  led  to  some  important  results, 
liut  it  is  only  since  the  publication  of  Pasteur's  investigation,  carried 
out  witij  his  collaborators  Chaniberland  and  Roux,  in  the  fii-st  place, 
and  with  Thnillier  later,  that  we  have  been  able  to  take  up  the  study 
of  acquired  immunity  in  a  really  scientific  manner.    Tbe  first  in  this 
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[2191  series  of  discoveries,  wliich  luive  opened  up  a  path  so  fruitful  to 
science  and  medical  art,  was  the  discovery  of  the  _atteiiiuj^tion  of 
micro-orgïiuisnis.  The  email  cocco-lmcilhis  of  fowl-cholera  after 
sevcnd  weeks'  culture  in  broth  was  found  to  have  become  markedly 
attenuated  iu  virulence.  To  Pasteur  the  idea  occurred  of  testing 
whether  fowls  tliat  had  resisted  the  inoculation  of  these  attenuated 
organisms  had  acquired  any  real  immunity  against  virulent  fowl- 
cliolcra.  Experiment  ctwifirmefl  hia  expectation  and  led  to  the 
discovery  of  the  vaccine  agiiinst  this  disease.  The  method  was  at 
once  applied  to  ot!ier  infective  epizootic  diseases  and  shortly  after- 
wards Ptisteur,  Cliamberliind  and  Roux  found  a  method  of  preserving 
sheep  and  cattle  from  antlirax.  To  attain  this  end  it  was  found 
necessary  to  prevent  the  bacillus  from  producing  spores  (in  this  they 
succeeded  by  cidtivating  it  in  broth  at  a  temperature  of  42*5°  C), 
because  these  spores  fix  the  virulence  and  prevent  attenuation,  Having 
overcome  this  main  obstacle,  Pa.steur  and  his  collaborators  found 
that  their  cultures,  thus  deprived  of  spores,  become  attenuated  on 
exposure  to  the  air  and  so  become  transformed  into  vaccines.  They 
were  thus  able  to  prepare  their  two  anthrax  vaccines  which  soon 
found  such  wide  application  in  practice.  A  few  years  later,  Pasteur 
and  Tliuillier  discovere*!  the  vaccines  against  swine  erysipelas  and, 
in  collaboration  with  Roux  and  Grancher,  Pasteur  made  the  first 
apiilication  of  his  discoveries  to  the  vaccination  of  nmn  against 
'  rabies. 

The  path  thus  opened  up  was  traversed  by  many  other  investi- 
gatore  and  led  to  many  very  remarkable  di!?coveries.  Vaccination 
/  with  micro-organisms  became  a  recognised  method  and  in  the  hands 
of  Arloing,  Cornevin  and  Thomas,  soon  found  its  application  to 
symptomatic  anthrax.  The  next  step  in  this  onward  progress  of 
science  was  taken  when  Salmon  and  Smith,  working  at  hog- 
cholera,  demonstrated  the  jwesibtlity  of  vaccinating  not  only  with  liog- 
cholcra  bacilli,  but  also  with  culture  fluids  in  wliich  these  organisms 
bad  developed.  These  fluids,  when  completely  deprived  of  micro- 
organisms by  filtration,  protected  the  exiicrimeutal   animals  fmm 

I  virulent  hog-cholera.  This  discovery,  at  first  sceptically  received, 
was  soon  confirmed  and  extended  by  the  work  of  other  investigatorSi 
Beumer  and  Peipcr  extended  it  to  the  experimental  «lisease  set  up 
by  the  typhoid  bacillus  in  small  laboratory  animals  ;  Charrin  applied 
it  to  the  disease  that  he  produced  by  means  of  the  bacillus  of  blue 

[220]  pus  ;  and  Chamberland  and  Roux  prepiired  vaccines  from  the  soluble 


prodnct*  of  the  septic  Tibrio  and  of  the  bacillus  of  symptomatic 
anthrax.  Aiul  now,  as  the  result  of  these  investigations,  vaccinations 
by  microbial  products  are  in  everyday  use  in  all  researcli  laboratories. 
The  vaccinations  now  used  (anthrax,  symptomatic  anthrax,  swine 
erysipehis  and  rabies)  are  still  being  carried  out  by  means  of  the 
inoculation  of  living  viruses. 

Tlie  comparative  history  of  acquired  immunity  is  still  very  in- 
complete. The  facts  kno^vn  concerning  the  adaptation  of  unicellular 
organi-sms  tt»  all  kinds  of  injurious  influences  of  a  physical  or  chemical 
nature  enable  us  to  perceive  that  acquired  immunity  is  just  as  general 
in  living  beings  as  is  natural  immunity  ;  but  it  is  impossible,  in  the 
pressent  state  of  our  knowledge,  to  confirm  this  hypothesis  by  exact 
and  experimental  data.  The  reason  for  this  lies  in  the  great  difficulty 
we  have  in  carrying  out  experiments  on  the  lower  animals.  The 
majority  of  the  Invertebrata  iu  captivity  do  not  remain  alive  long 
enough  and  can  not  be  sufficiently  often  inoculated  for  us  to  obtain 
in  them  a  well  marked  acquired  immunity  against  micro-organisms. 
Kowalev8ky\  the  celcbnited  Russian  zoologist,  has  tried  to  overcome 
these  various  difficulties  by  making  use  of  Myriapods.  He  found  first 
that  SeohpefKfrar,  when  inoculated  with  iiutlirax  bacilli,  die  there- 
fmm  during  the  heats  of  summer,  the  bUiod  containing  a  number 
of  anthrax  bacilli.  But  when  the  temperature  does  not  exceed  17' — 
18'  C.  a  fairly  large  numlx?r  of  these  inyriapods  survive.  The  same 
rarvival  was  observed  when  Pasteur's  first  vaccine  was  injecte<l.  Kow- 
alevHky  utilised  the  Scolopendrae  that  had  resisted  the  first  injection 
of  aiithrix  bacilli  to  ascertiiin  whether  they  had  contracted  an  acquired 
immunity.  The  results  were  not  absolutely  demonstrative  and  Kow- 
aievsky  sums  up  his  results  iu  the  following  words  :  "I  cannot  say, 
therefore,  that  T  have  succeeded  in  solving  this  question  of  vaccina- 
tion, but  it  ai»pears  to  me  very  probable  "  (p.  607). 

In  view  of  this  doubt,  I  asked  Mesnil  to  make  a  fresh  attempt, 
making  use  of  Scolopendrae  and  inoculating  them  with  anthrax 
lKU.'illi.  These  creatures,  however,  were  so  delicate  and  so  little 
capable  of  remaining  alive  under  the  artificial  conditions  of  their 
captivity,  that  the  attempt  soon  had  to  be  alwndoned.  I  tried  to 
obtain  better  results  with  the  larvae  of  Oryctes  nnsicortm  ;  here  [221] 
again  the  difficulties  were  too  great.  These  insects  exhibit  a 
{«•rfect  natural  immunity  against  certain  micro-organisms,  but  for 
others  they  showed  an  insurmountable  susceptibility.     It  is  very 

'  Arch,  dé  zool,  «xpér.,  Paris,  1896,  3*  série,  t  m,  p.  691. 
B.  U 
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evident,  theD,  that  it  is  not  an  easy  matter  to  set  up  ao  acquired 
immuuitj  in  the  Invertebrata. 

It  was  necessary,  therefore,  to  go  higher  up  the  animal  senile  and 
have  recourse  to  cold-blooded  vertebrates.  The  choice  naturally 
fell  on  the  frog.  I  asked  Dr  Gheorghiewski^,  who  was  working 
in  my  laboratory,  to  try  to  vaccinate  the  Biiti~ichiant<  against  pyo- 
cyauic  disease.  I  ought  first  to  state  that  the  bacillus  of  blue  pua 
is  pathogenic  for  the  frog,  wliich  it  kills  both  at  the  ordinary  laboratory 
tenii>erature,  and  at  that  of  the  incubator,  30" — 37°  C,  In  the  fii"st 
case  the  fatal  dose  is  much  greater  thati  in  the  second,  but  it  is 
always  easy  to  induce  a  fatal  infection-  In  this  respect,  therefore,  the 
Bacillus  pifoq/aneus  is  much  better  adapted  for  study  than  the 
anthrax  bacillus  or  many  other  micro-organisms.  Gheorghiewski 
vaccinated  green  frogs  {liana  esculenta),  which  had  been  accustomed 
to  the  incubator  temperature,  30"  C,  by  injecting  every  4  to  7  day» 
considerable  tloses  of  cultures  of  BaciUns  jji/on/aiictis  hetited  to  80'  G. 
in  order  to  kill  all  the  micro-orgîinisms.  f>ome  (3 — 1)  weeks  after- 
wards the  prepared  frogs  became  more  resistant  to  the  Bacillus 
pyoafaiunis  than  were  the  controls  placed  under  the  same  conditions. 
The  frogs,  inoculated  with  a  fiital  dose  of  tlie  bacilli,  clearly  exhibited 
a  certain,  though  slight,  degree  of  acquired  imnumtty.  They  withstood 
a  dose  that  Avas  always)  fatal  to  the  coiitrolri  or  even  a  dose  and  a  half, 
but  died  when  injected  with  double  the  fatal  d4>se.  The  lymphatic 
fluid  of  the  vaccinated  frog.s  feebly  agglutinated  (1  :  20 — 1  :  30)  the 
Bacilfng  pyoci/anens  altliough  it  still  formed  an  excellent  culture 
medium  for  this  organism.  Gheorghiewski  satisfied  himself  that  the 
agglutination  wa.s  insufficient  to  assure  inununity  to  the  frog.  Tho 
bacilli  agglutinated  into  clumps  were  very  virulent, 

A  detailed  exaniiiiation  of  the  phenomena  observed  in  the  im- 
munised frogs  revealed  the  following  facts.  During  the  earliest 
stage  the  Iracilli,  injected  into  the  dorsal  lymphatic  sac,  were  found 
free  in  the  fluid,  retfiined  tlieir  form  and  were  not  transformed  into 
granules.  Tlie  luicilli  carried  by  tho  lymphatic  current  spread  rapidly 
[222]  throughout  the  body.  Very  shortly  after  inoculation,  however,  some 
of  the  leucocytes  began  to  ingest  the  bsicilli  which  became  traus- 
fonned  into  spherules  within  these  cells.  Later,  the  phagocytic 
reaction  increased  and  at  the  end  of  15  to  20  hours  all  tlie  bacilli 
were  found  inside  leucocytes.    It  was  easy  to  demonstnite  that  these 


*■  Ann,  de  F  Lut.  Patteur,  Paris,  1899,  t.  xui,  p.  314. 


bacilli  had  been  ingested  in  a  living  condition.  Forty-eight  hourâ 
after  inoculation,  no  Ixicilli  wore  to  be  found  in  the  lymph  of  the 
dorsal  sac,  either  inside  or  outside  the  cells.  But  this  fluid  when 
90«ni  on  nutrient  media  gave  colonies  of  the  Bacillus  pyoctfancus 
up  to  l.'î  and  even  18  days  after  inoculation. 

We  may  conclude  from  these  facts  that  the  cold-blooded  verte- 
brata  are  ca^Hible  of  acquiring  immunity  to  a  sliglit  degree  and 
that,  in  this  acquired  iiiuiuiiiity,  a  marked  phagocytosis  may  be  ob- 
«crved,  Imt  no  bactericidal  acti<m  of  tiie  tluids. 

In  order  to  gain  a  more  complete  idea  of  the  mechanism  of  ac- 
quired immunity,  it  is  necessary  to  observe  it  in  higher  vertebrates 
in  which  a  well  developed  immunity  of  tliis  tyjje  is  rejwUly  obtained. 
Here  we  must  have  recoursie  to  mammals  and  pass  in  review  an  ample 
number  of  examples,  before  wo  attempt  to  give  to  our  readers  a 
general  summary  of  the  question. 

For  long,  researches  on  acquired  imnmnity  were  confined  almost 
exclusively  to  the  analysis  of  the  facta  observed  in  animals  sub- 
mitted to  anti-anthrax  vaccinations  by  means  of  the  two  vaccines 
of  Pasteur.  A  large  numl>er  of  in>purtant  facts  were  thus  collected, 
the  more  weighty  of  which  must  be  presented  to  the  rejider.  But, 
before  eiitering  on  the  subject,  a  general  orientation  on  acquired 
immunity  in  laboratory  animals  against  vibrios  is  indispensable  as 
this  example  dominates,  so  to  speak,  the  whole  of  the  chapter  on 
aoqoircd  immunity  against  micro-organisms. 

Von  liehring  and  Nisscn  ',  in  their  resexirches  on  the  bactericidal 
power  of  serums,  examined,  amongst  others,  several  specimens  of 
serums  coming  from  animals  that  had  been  vaccinated  against  various 
micro-organisms.  In  the  majority  of  the  examples  given  by  them  the 
acquired  immunity  produced  no  increase  in  this  power,  but  the  blood 
serum  of  guinea-pigs  that  had  been  immunised  agiiinst  Camaleia's  vibrio 
(  Vibrio  mftchuikovi)  wa-s  found  to  be  much  more  bjictericidal  as  regard»^  [223] 
this  micro-organism  than  the  serum  of  normal  susceptible  guinea-pigs. 
These  authors  came  to  the  conclusion  that  in  acquired  immunity,  at 
least  as  regards  the  vibrio  mentioncil,  the  chief  part  is  played  by  a 
bactericidal  substance  wliich  is  developed  in  the  fluids  of  the  vacci- 
nated animals.  They  were  content  with  the  mere  demonstration  of  this 
feet  without  making  any  attempt  to  follow  the  course  of  events  in  the 
destruction  of  the  vibrios  as  it  occurs  in  tiie  orgardsm  of  the  vaccinated 


>  ZUehr.f.  llyg.,  Loipzig,  16â0.  Bd.  vui,  S.  412. 
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guinea-pig.  R.  Pfeiffer'  in  collaboration  with  Issaeflf  sought  to  fill 
this  gap.  But  instead  of  taking  Gamaleia's  vibrio,  these  observers 
concentrated  their  attention  on  the  study  of  the  acquired  immunity 
of  guinea-pigs  against  the  cholera  Anbrio.  As  this  vibrio  is  as  a  rule 
Jess  virulent  than  Gauialeia'a  vibrio,  it  was  necessary,  in  order  to 
obtain  a  fat.il  infection,  to  inject  it,  not  into  the  subcutaneous  tissue 
but  into  the  peritoneal  cavity.  We  have  already  seen  (Chapter  VI) 
that  the  cholera  vibrio  when  inoculated  into  the  peritoneal  cavity  of 
the  guinea-pig,  tliere  meets  with  a  vigorous  resistance  on  the  part 
of  the  leucocytes  which  seize  the  living  and  virulent  vibrios  and 
digesting  them  rid  the  iiiiinial  of  their  presence.  But  when  the  doae 
of  the  vibrios  is  increased,  they  multiply  in  spite  of  the  phagocytic 
reaction  ;  they  are  found  swarming  in  the  petitoneal  cavitj-,  whence 
they  invade  the  lymphatic  and  blood  vessels  and  cause  tlie  death 
of  the  animal.  It  is  easy,  then,  to  induce  a  fatal  iufection  of  the 
guinea-pig  with  the  eliolera  vibrio.  Bat  it  is  also  easy  to  vaccinate 
these  animals  against  this  experimentiil  disease.  We  have  only  to 
inoculate  them  with  a  non-futiil  quantity  of  living  cholera  vibrios, 
or  to  inject  into  them  a  culture  in  which  the  vibrios  have  been  killed 
by  heat,  or  some  of  the  culture  fluid  from  which  the  vibrios  have  been 
removed  by  filtration.  All  these  methods  soon  procluce  an  acquired 
immunity  in  guinca-itigs.  If,  when  this  has  been  brought  about,  a 
little  blood  is  withdrawn  and  to  the  serum  a  small  quantity  of 
cholera  vibrios  is  added,  in  vitro,  we  can  readily  demonstrate  their 
disappearance,  under  the  influence  of  the  bactciicidal  substance  dis- 
solved in  the  fluid.  In  this  respect  there  is,  then,  a  njarked  analogy 
with  the  fact  established  by  v.  Belu"iug  and  Nissen  as  regards 
Gamaleia's  vibrio. 

When  into  the  j)eritoneal  cavity  of  vaccinated  guinea-pigs  a 
certain  quantity  of  cholera  culture  containing  virulent  and  very 
[224]  motile  vibrios  is  injected,  we  find  that  in  the  peritoneal  fluid  druwi 
oft'  by  means  of  a  fine  pipette,  the  vibrios  have  undergone  profound 
changes  in  the  refractory  organism.  Even  a  few  minutes  after 
the  injection  of  the  vibrios,  the  leucocytes  disapi)ear  ahnost  com- 
pletely from  the  peritoneal  fluid  ;  and  oidy  a  few  small  lymphocytes 
and  a  large  number  of  vibrios,  the  majority  of  which  are  already 
transformcil  into  granules,  are  found  (fig.  39)  ;  and  there  is  pre- 
sented a  most  typical   case  of  Pfcifièr's   phenomenon.     Alongside 

»  Zitchr.f.  Hyg.,  Leipzig,  1894,  Bd.  xvn,  S.  355,  and  Deuttcfva  tiucL  Wehntchr., 
Leipzig,  1S9B,  SS.  97,  119. 
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Fig.  30.     Choler*  Wbrios 
in  the  |>eritoDeal  cavity 
showing  Pfeifler's  phe- 
nomenoD. 


the  round  granules  may  be  seen  swollen  Tibrios,  and  others  which 
have  kept  their  uorinal  form,  but  all  are  absolutely  motionless.  Some 
of  these  granules  are  gathered  into  email 
dumps,  others  remain  isolated  in  the  fluid. 
WTien  to  the  hanging  drop  containing  these 
tranefomied  vibrios  a  small  »iuantity  of 
a  dilute  aqueous  solution  of  methylene  blue 
is  added,  we  observe  that  certain  granule» 
etain  very  deeply,  whilst  othei-s  take  ou 
merely  a  very  pale  tint,  scarcely  visible. 
jilniiy  of  these  granules  arc  still  alive,  bcciiuse 
it  i.H  eix-sy  to  watch  them  develop  outside 
the  animal  and  elongate  into  new  Tibrios. 
A  large  number  of  the  granules,  however, 
no  longer  exhibit  any  sign  of  life  and  arc 
evidently  dead.  R.  Pfeiffer  and  certain  other 
ol>servers  atlirm    that  the  granules  may  be 

completely  dissolveil  in  the  peritoneal  tlui<l  just  a.s  a  piece  of  sugar 
dii^solveâ  in  water.  We  have  repeatedly  sought  for  this  disappearance 
of  the  granules  in  hanging  drops  of  the  peritoneal  fluid,  without 
being  able  to  find  any  diminution  in  the  number  of  these  trans- 
formed vibrios,  even  after  several  days  ;  nor  have  we  l>een  able  to 
observe  tlie  phenomenon  of  the  solution  of  the  granules.  It  is  at  any 
rate  indisputable  that  tins  granular  transformation  is  a  manifcstittion 
of  very  profound  lésions  undergone  by  the  cholera  vibrios  under  the 
influence  of  the  peritoneal  fluid  of  the  immunised  animal. 

An  attempt  has  been  made  to  define  the  mechanism  of  PfeiflFer's 
phenomenon  more  exactly,  and  Fischer^  has  sought  to  refer  it  to 
o«itnotic  action,  exercised  by  the  salts  of  the  fluids  in  which  the  [2'i'>] 
Tibrioa  are  suspended  These  vibrios,  under  the  action  of  media 
richer  or  poorer  in  salts  than  is  the  flidd  in  which  they  had  develope<i, 
are  said  to  present  an  increase  of  their  internal  pressure,  in  con- 
Hvquenoe  of  which  the  vibrios  swell  up  or  allow  a  spherical  droplet 
of  protoplasm  to  escjipe  at  one  of  their  i>oles.  Tliis  explanation  was 
inadequately  supported  by  its  author  and  cannot  be  regarded  as 
proved.  On  the  other  hand,  one  is  compelled  to  the  conclusion  liiat 
tlie  gmnidar  transformation  is  due,  as  we  shall  see  later,  to  a  fermen- 
tative action  of  the  i)critoneal  exudation. 

Whilst  the  vibrios  are  undergoing  this  transformation  in  the 
*  Zt»du:/.  llyg.,  Leipzig',  1900,  BA  xxxr,  S.  I. 
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peritoneal  cavity  of  an  immunised  guinea-pig,  the  animal  recovers 
from  a  malaise  that  is  quite  transitory  and  continues  to  live,  whilst 
normal  unvaccinated  guinea-pigs  die,  an  enormous  quantity  of  vibrios 
swarming  in  the  peritoneal  exudation.  The  difference  between  the  two 
animals  is  moat  striking,  and  we  can  readily  understand  that  Pfeiifer 
was  80  impressed  by  it  that  lie  was  led  to  attribute  the  acquired 
immunity  of  his  guinea-pigs  solely  to  the  granular  transformation 
eet  up  by  a  bactericidal  substance  contained  in  the  fluids  of  the 
immunised  animals. 

The  ease  with  which  we  ran  gain  an  idea  of  the  change  of  form 
in  the  vibrios  under  the  influence  of  the  fluids  of  the  body,  greatly 
aids  the  study  of  the  bacterici<lal  substance.  Before  passing  to  the 
question  of  the  part  played  by  this  substance  in  acquired  immunity 
we  must  consider  for  a  moment  the  prineijuil  properties  of  this  acquired 
immunity.  Very  manifest  in  the  peritoneal  fluid,  tlie  power  of  causing 
Pfeiffer's  phenomenon  is  equally  evident  in  the  blood  serum  of  im- 
munised guinea-pigs,  as  has  been  demonstrated  by  Bordet.  A  drop 
of  this  serum,  wfien  quite  fresh,  readily  and  rapidly  transforms  a 
number  of  vibrios  into  gninnlea.  When  the  sennn  is  kept  for  several 
(lays  or  hîw  been  heated  to  sr."  C,  for  an  hour,  the  total  disappearance 
of  the  substance  which  ju'oduces  Pfeiffer's  phenomenon  is  brought 
about.  This  at  once  iii'triiys  the  presence  of  microcvtase  in  tlio 
fluids  of  guinea-pigs  that  have  acquired  immunity  against  the  cholera 
vibrio.  Yet  the  blood  serum  fuul  the  peritoneal  fluid  of  these 
animals,  hîivîng  been  deprived  of  their  microcvtase  by  heating 
to  55°  or  56°  C  still  retain  a  remarkable  power  over  the  vibrios. 
These  organisms  no  h)iiger  undergo  gnuiular  transformation,  under 
[226]  the  influence  of  the  heated  body  fluids,  but  tlicy  are  «leprived  of  all 
power  of  motion,  agghitinate  into  clumps  and  acquire  a  sjiecial 
Busceptibility  to  the  action  of  cytase.  Soon  after  the  discovery  of 
Pfeiffer's  phenomenon,  V  Avas  able  to  dcTiinnstrate  that  this  granular 
transformation  cîui  be  obtained  m  ritro  under  the  following  con- 
ditions. Pre])are  a  hanging  drop  witi»  the  blood  Bcrum  of  a  guinea- 
pig  vaccinated  against  the  cholera  vibrio,  a  serum  which  has  lost  the 
power  of  transforming,  by  itself,  the  vibrios  into  granules.  Add  to 
it  a  drop  of  the  peritoneal  lymph  of  a  normal  unvaccinatc<l  guinea- 
pig;  this  lymph  contains  dead  or  living  leucocytes  and  is,  by  itself, 
also  incapable  of  producing  Pfeifler's  phenomenon.  When,  to  the 
mixture  of  these  two  fluids,  whicli  are  inactive  wiien  they  are  employed 
*  Ann.  de  Finit.  Patteur,  Paris,  1896,  t  ix,  p.  433. 


Rcparetely.  a  few  cholera  vibrios  are  added,  tliey  are  quickly  trans- 
formed into  jHTanules.  Tliis  tranh-formation,  obtained  in  vitro,  is 
remarkably  like  that  produced  in  the  peritoneal  cavity  of  the  vac- 
ctnate<l  animal. 

Jule.4  Bordet*,  wfirkinq:  in  my  laboratory,  made  a  very  com- 
plete investigation  of  Pfeiffer's  phenon»enon  outside  the  animal  l.M>dy 
and  found  that,  in  my  exi>eriinent,  the  peritoneal  lymph  can  be 
replaced  by  the  blood  serum  of  the  vaccinate<I  jE^n'nea-pig  without 
thereby  in  the  Icjtst  liindcring  tlie  granular  transfonnation.  After 
making  a  specially  thorou;^h  study  of  the  question  he  has  come 
to  the  conclusion  that  Pfeiffer's  phenomenon  is  the  result  of  the 
action  of  two  substances.  Otie  of  these  is  found  in  the  blood  serum 
and  in  the  peritoneal  fluid  of  guinea-pigs  vaccinated  agîiinst  cholera, 
heated  tx.»  55° — 56'  C,  or  deprive<l  by  some  otlier  means  of  their  indi- 
vidual |>ower  of  transforming  vibrios  into  granules.  This  substance 
re«ist«  this  temperature  and  only  loses  its  activity  on  being  heated 
to  68° — 70°  C.  The  second  of  the  two  substances,  that  found  in  the 
peritoneal  lymph  or  in  the  blood  serum  of  the  normal  guinea-i)ig, 
18,  on  the  other  hand,  destroyed  at  55° — 56°  C.  and  is  nothing  but  the 
ordinar)'  cytase  (or  alexine)  |)resent  in  the  fluids  of  normal  animals. 

The  facts  we  have  described  with  reganl  to  Pfeiffer's  phenomenon 
in  the  body  fluids  of  immunised  animals  must,  then,  be  interpreted 
as  follow.-*.  The  fresh  iit'titoneal  exudation  or  l>loofl  serum  of  these 
animals  residily  ])roduccs  the  granular  transformation,  because  in 
these  fluids  both  the  two  necessary  substances  are  found.  But  as 
microcytase  is  a  very  unstable  substance  wliieli,  under  the  influence  [227] 
of  time  or  heating  to  55° — 56°  C,  is  destroyed,  the  tiuiils  of  im- 
mnniscd  animals  are  very  readily  deprived  of  it  The  blood  serum 
Uicn,  after  iK'ing  some  time  outside  the  l>ody,  becomes  incapalde  of 
transfomdng  vibrios  into  granules  ;  but  when  to  it  is  added  a  small 
quantity  of  the  cytase,  found  iu  the  blood  serum  or  in  the  peritoneal 
lymph  of  the  normal  guinea-pig,  the  transformation  takes  jdace  with 
great  rapidity.  To  the  serum  of  the  immmiised  ainmal,  which  has 
become  inactive,  is  restored  its  pnipcrty  of  setting  up  PfeitFcr's 
phenomenon.  This  interpretation,  formulated  by  Ronlet,  corresponds 
tu  the  whole  of  the  known  data  and  is  now  generally  accepted. 

As  the  fluids  of  immunised  animals,  that  have  become  incapable 
of  transfonning   vibrios   into   gi^anules,  still   retain   their  power  of 
rendering    these    organisms   motionless  and   of   uniting   tliem   into 
'  Ann.  de  rital.  Patter,  Pari»,  ls95,  t.  ix,  p.  Wi. 
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clump»,  it  might  be  aaked  whether  this  agglutinative  substance  might 
uot  be  the  eubetance,  stable  under  heat,  which  is  necessary  for  the 
l>roduction  of  Pfeiffer'H  pheiiomeuou.  For  jiome  time,  indeed,  it  was 
believed  that  thi»  phcnumeuuu  i.s  due  to  the  microejtase  acting  on 
Tibrios  which  liave  first  been  modified  by  the  agglatinatire  sub- 
stance. Tliis  latter  siiibstance  reuists  heating  to  50"^ — 56  C^  is  only 
destroyed  at  liigher  temperutines,  and  is  retained  in  the  blood  sermu 
long  after  the  cytase  haa  entirely  dii>appeared.  The  analogy  between 
the  agglutinative  substance  of  the  fluids  of  animalsi  that  have  acquired 
immunity  and  the  substance  in  the  eame  fluids  that  ù»  stable  under 
heat  is  undeniable,  and  yet  these  two  substances  are  not  identicaL 
A  whole  series  of  observations,  which  we  shall  presently  describe, 
demonstrate  this  tliesi»  clearly.  A  serum  may  be  highly  agglutinative 
without  being  capable  of  bringing  about  the  transformation  of  vibrios 
into  granule»  ;  the  converse  also  holds  good.  The  substance  which  sets 
up  Pfeiffer's  plienunieiion,  and  which  is  found  in  the  fluids  of  immunised 
guinea-pigs,  is  a  "fixative  substance"  analogous  to  those  we  have 
already  met  with  in  the  serums  of  animals  so  adujtted  that  they  are 
able  to  resorb  the  various  cell  elements.  As  in  the  resorption  of  cells, 
80  also  in  the  destruction  of  micro-organisms,  the  fixatives  are  s[)ecific. 
The  subsUmce  which  aids  the  transformation  into  granules  is  not  only 
diwtinct  from  the  fixatives  which  sensibilise  red  blood  corpuscles  or 
spermatozoa,  but  also  from  the  fixatives  which  sensibilise  bacteria. 
This  si>ecificity  has  been  demonstrated  and  carefully  studied  by 
Pfeiffer,  who  has  shown  that  it  may  even  serve  to  distinguish  species 
[228]  of  bacteriiv  The  senun  of  a  guinea-pig  wliich  has  been  immunised 
against  the  cholera  vibrio,  will  render  sensitive  these  vibrios,  and 
these  only,  to  the  action  of  the  microcytase.  Even  allied  vibrios, 
such  tis  various  water  vibrios,  for  examxtle,  are  not  sensitive  to  the 
fixative  of  anticliolcru  serum.  On  the  other  hand,  the  serums  ob- 
tained after  the  inoculation  of  these  afjuatic  vibrios  are  inciipable  of 
producing  granular  transfunnation  in  the  cholera  vibrio. 

Wlien  we  inject  into  one  and  the  same  animal  several  species 
<jf  vibrios  we  obtain  a  serum  or  a  peritoneal  fluid  which  produces 
Pfeiffer's  phenomenon  Mitii  the  vibrios  of  all  the  si>ecies  which  have 
l)een  used  to  make  the  inoculations.  This  antivibrio  serum  contains 
only  a  single  cytase  for  the  vibrios,  but  contains  as  many  ditierent 
fixatives  as  there  were  species  inoculated. 

The  transformation  of  vibrios  into  granules,  when  protluced  in  a 
liigli  degree  against  virulent  vibrios,  under  tlio  influence  of  the  body 


fluids  of  iminuuised  animals,  aftbrds  a  very  valuable  indication  of  the 
simultaneous  presence  of  cjiiase  and  of  specific  fixative.  As  we  have 
:Jrea<ly  stated,  at  the  commencement  of  this  account  of  the  acquired 
injinunity  of  guinea-pig»  against  the  clioleni  vibrio,  PfeifFcr's  pheuo- 
lucuon  is  manifested  in  tlie  peritoneal  fluid  of  these  animals  in  a 
very  short  time  (5  to  2<.t  minutes)  after  the  inoculation  of  the  vibrios. 
Tliis  proves  that  in  tliis  fluid  tlie  two  subistances  really  occur  together, 
uiid  that  the  fi.xative  and  the  cytase  are  in  solution  in  the  plasma  of 
the  exudation.  Is  it  the  same  in  every  part  of  the  body  of  immunised 
guinea-pigs?  If,  instead  of  introducing  the  cholera  vibrio  into  the 
l>cntoneal  cavity,  we  inject  it  into  the  subcutaneous  tissue  or  into  the 
anterior  chamber  of  the  eye  of  these  animals,  Pfeiffer's  phenomenon 
does  not  make  its  appearance.  The  vibrios,  isolated  or  collected  into 
small  clumps,  do  not  undergo  granular  transformation  ;  they  keep 
their  normal  vibrio  form  and  remain  alive  much  longer  than  in  the 
]>eritoneal  cavity.  Some  i»f  them  may  be  found  still  living  24  hours 
after  subcutaneous  injection  and  several  (4 — 6}  days  in  the  anterior 
chamber  of  the  eye.  Nor  can  Pfeîfier's  phenomenon  be  observed  when 
the  cholera  vibrio  is  introduced  into  the  ocdotna  of  the  foot,  pro- 
duced in  consequence  of  the  slowing  of  the  circulation,  the  vibrios 
remaining  alive  for  a  fairly  long  time.  These  facts  clearly  indicate 
that  in  the  fluid  thrown  out  in  passive  oedema,  just  aa  in  the  aqueous 
humour  of  the  eye  or  in  the  subcutaneous  tissue,  the  two  substances 
necessary  to  set  up  the  gtanular  transformation  are  not  present  Are 
lK>th  of  them  absent  or  only  one?  This  question  is  easily  answered  [22&] 
on  adding  to  the  fluids  mentioned  normal  guinea-pig's  serum,  a 
Bcrum  which,  by  itself,  is  incapable  of  producing  Pfeiftcr's  pheno- 
menon. Iloi-det*  has  made  these  experiments  and  foun<l  that  when 
to  the  fluid  of  the  passive  oedema  of  the  immunised  guinea-pig 
normal  serum  is  added,  this  fluid  transforms  the  cholera  vibrio  into 
granules,  but  does  so  in  less  degree  than  does  the  serum  of  tlie  same 
iuununised  guinea-pig,  when  heated  to  55° — 56°  C,  to  which  normal 
wrum  has  likewise  been  added.  There  is,  then,  reason  to  conclude 
that  the  fluid  of  the  oedenia  «Iocs  not  contain  any  cytase,  but  contaitis 
a  certain  qtiantity  of  cholera  fixative,  less,  however,  than  that  which 
in  found  in  the  blood  serum.  As  to  the  aqueous  humour  of  the  eye 
of  immunised  animals,  analogous  experiments  have  demonstrated 
that  it  contains  neither  of  the  two  substances  necessary  for  the 
production  of  Pfeifier's  phenomenon. 

'  "  Coutributiuii  à  I't-tude  du  aûrum  chez  les  uniiiiaux  vucciné»,"  Anu.  Soc.  d.  te. 
it<*l.  ft  m'ii.  df  tiriixflli»,  1 895,  t.  ir. 
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With  the  help  of  the  facts  I  have  here  sammari^ed,  we  arrive  at 
the  fullowing  conclusion.  In  the  animal  that  is  immunised  aptinst 
the  cholera  vibrio,  microcyta-se  is  found  in  the  jieritoneal  exudation; 
it  does  not  pfiss,  however,  either  into  the  fluid  of  the  passive  oedema 
or  into  the  aqueous  humour  of  the  eye  ;  the  cholera  fixative  is 
found  in  the  peritoneal  fluid  and  passes  into  the  oedema,  but 
does  not  pénétrât*;  into  the  fluid  of  the  eye.  This  indicates  that 
niicrocytase  is  found  in  fluids  rich  in  leucocytes,  but  is  aljsent  from 
those  which  contain  very  few  or  none  of  these  cells. 

Tlie  introduction  of  vibrios  into  the  peritoneal  cavity  of  immunised 
^linea-pigs  at  once  produces  PfeiBcr's  phenomenon,  and  at  the  same 
time  causes  the  lUsappearance  of  the  majority  of  the  leucocytes  from 
the  yieritoneal  lymph.  We  have  already  had  occasion,  several  times, 
to  speak  of  this  phagolysis,  because  it  is  produced  as  a  sequel  to  the 
injection  into  the  peritoneal  cavity  of  blood,  spermatic  fluid,  and  all 
kinds  of  fluids.  The  greater  the  quantity  of  fluid  injected  and  the 
greater  the  diflerence  of  the  tenii>eniture  between  it  and  the  contents 
of  the  normal  perit<ineum  the  more  vigorous  is  phagolysis. 

Pierallini',  workin*;  in  my  laboratory,  studying  phagolysis  in  the 
jMîritoneal  cavity  of  the  guinea-pig,  has  obt<uned  several  results 
worthy  of  attention.  Of  all  the  fluids  used  by  him,  such  as  water, 
broth,  filtere<l  cultures  of  micro-organisms  and  physiological  saline 
[230]  solution,  the  last  of  these  caused  the  least  intense  phagolysis,  yet 
one  sufticiently  well  marked.  Immediately  after  the  injection  of  any 
of  the  above  fluids  the  nund)er  of  leucocytes  in  the  peritoneal  lymph 
diminishes  very  considerably,  the  cells  being  found  collected  in 
clumps  on  the  omentum.  Many  of  them  exliibit  signs  of  enfeeble- 
mcnt  and  of  pattial  destruction.  Alongside  the  leucocytes  are  found 
fibrinous  masses,  this  atlbrding  evidence  that  some  of  the  leucocytes 
have  been  greatly  daniageji  and  have  given  up  the  fibrin-ferment 
which  induces  coagulation  of  the  fibrin.  Wiicn  Pierallini  injected 
fluids  containing  coloured  powders  in  suspension,  such  as  Indian  ink 
and  vermilion,  he  observed  that  these  substances  accumulated  on  the 
greater  omentum,  which  became  stained  black  or  red.  Aficroecopical 
examination  revealed  the  existence  of  a  not  very  intense  phagocytosis 
and  a  number  of  free  coloured  granules  in  the  midst  of  filaments  of 
fibrin. 

The  leucocytes  which,  during  this  phagolysis,  allowed  the  fibrin- 
ferment  to  escape  might  also  give  up  a  certain  amount  of  their 
microcytase.    This  microcytase  w<nild  pass  into  the  peritoneal  fluid 
»  Ann,  <U  rinit.  Patteur,  Pari»,  1897,  t  xi,  p.  308. 


aod  E^ve  rise  to  Pfeiffer's  pliennnienon.  If  this  hypothesis  be  correct, 
ttie  suppression  of  phagolyeia  would  result  iu  the  absence  of  the  trans- 
formation of  the  vibrios  into  granules.  It  is  not  a  difficult  matter 
to  verify  this  hypothesis  as  we  have  a  means  of  preventing  phago- 
lywis  or  at  least  of  reducing  it  very  consideiiibly.  Issaefl'^  in  au 
investigation  carried  out  in  Pfeiffer's  lalK)ratt)ry,  demonstrated  that 
an  intraperitoneal  injection  of  physiological  salt  solution,  broth, 
urine,  etc.,  reinforces  the  leucocytes  ami  brings  them  up  in  largo 
tinmliers  into  the  peritoneal  cavity.  It  is  easy  to  foresee  that  such 
an  injection  would  serve  to  diminisli  the  intensity  of  the  ])liagoly»*is. 
In  fact,  if  we  first  inject  a  few  cubic  centimetres  of  physiological  salt 
i<olution  or  of  fresh  broth  into  the  peritoneal  cavity  of  a  giiinea-pig, 
and  if,  on  the  following  day,  we  repeat  the  same  operation,  we  shall 
tind  that  after  the  second  injection  pliagolysis  is  much  less  powerful 
tliun  after  the  first.  Picralliiii,  who  rejwated  these  exi^teriraents, 
iil>served  that  the  pliagocytosis  of  the  coloured  giamdcs  is  much 
more  complete  in  tiie  guinea-pigs  that  were  treate<i  by  a  prelimbiary 
injection  into  the  jieritoneal  cavity.  The  amount  of  fibrin  on  the 
omentutn  is  in  this  case  much  less,  and  tlie  phenomena  as  a  whole 
nhnvi  that  in  these  guinea-pigs  the  damage  to  the  leucocytes  is  very  [2;!i] 
conhi<lerably  attenuated. 

We  have  Ijeeti  able  to  demonstrate  that  iu  the  case  where  phago- 
lysîs  is  thus  diminished,  Pfeiffer's  phenomenon  is  not  pro<luced  or  is 
manifested  in  a  very  feeble  degree.  If  the  experiment  succeeds,  the 
fluitl  taken  from  the  peritoneal  aivity  of  a  guinea-pig  prepared  the 
ilay  before  and  then  injectetl  with  a  culture  of  cholera,  is  opaque 
and  thick,  like  pus.  It  contains  a  mass  of  leucocytes  in  good  con- 
dition, a  large  numljer  of  which  gorge  themselves  in  a  few  minutes 
with  a  number  of  vibrios.  The  plasma  of  this  exudation  contains 
few  vibrios,  and  these  reUiin  titeir  normal  form  and  do  not  exhibit, 
eare  exceptionally,  a  granular  change.  A  little  later  there  remain 
«o  free  vibrios  ;  they  are  all  contained  within  leucocytes.  Pfeifl'er" 
declared  himself  against  tlie  facts  1  have  just  summarised,  because  he 
was  never  able  to  prevent  the  granular  transformation  of  the  vibrios, 
in  e|)ite  of  the  preparatory  injection  of  sodium  chloride.  Abel',  who 
repeated  the  experiments,  expressed  an  intermediate  view:  in  guinea- 
pigs  prepared  by  injections  the  day  before,  he  observed  that  one 

'  ZUthr.f.  Ili/ij.,  Leipzig,  1S94,  Bil.  xvi,  S.  287. 

1  DeutKhi'  m&^l   Wchmchr.,  Leipiig,  1»9'',  S.  120. 

»  Cfnlralbl.f.  BnktfrioL  u.  PnratitenL,  1**  Abi,  Jem,  1896,  Bd.  xx,  S.  761. 
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portion  of  tlie  vibrios  became  transformed  into  granules,  whilst 
another  l)ecatne  the  prey  of  the  leucocytes.  The  fact  is,  the  sup- 
])ression  of  phagolysis  demands  s]>ecial  conditions  :  the  broth  that  is 
injected  niust  be  frc&ldy  prepared,  and  before  its  introduction  into 
the  peritoneal  cavity  it  must  be  heated  to  37° — 39°  C.  Even  when 
these  precautions  are  taken  it  sometimes  happens  that  the  experi- 
ment is  i»ot  very  successful.  lu  making  the  experiment  we  must  be 
guided  by  the  appearance  of  the  peritoneal  fluid  withdrawn  into 
the  small  jflass  pipettes.  If  the  fluid  which  enters  the  tube  is  clear 
or  scarcely  clouded,  it  indicates  that  phagolysis  has  taken  place,  in 
spite  of  the  preparatory  injection.  The  experiment  is  successful 
in  those  cases  wliere  the  peritoneal  exudation  is  very  cloudy  and 
resembles  pus. 

As  the  demonstration  of  the  suppression  of  Pfeiffer's  phenomenon 
as  well  as  that  of  phagolysis  is  of  funduraentat  importance,  1  asked 
M.  Gamier^  to  cany  out  further  experiments  with  tlie  object  of 
setting  the  question  at  rest.  Using  a  whole  series  of  fluids  for 
the  preparatory  injection  he  found  that  fresh  broth  gives  the  best 
[232]  results.  In  guinea-pigs  in  which  the  phagolysis  had  been  reduced 
to  a  minimum,  phagocytosis  commenced  immeiliately  after  the  in- 
jection of  the  vibrios.  In  from  two  to  five  minutes  many  vibrios 
are  found  inside  the  leucocytes,  the  free  vibrios  now  being  few 
in  number  and  not  exhibiting  Pfeitfers  phcnometion.  Gamier  in 
his  memoir  gives  photographic  reproiluctiuiis  of  leucocytes  ci"ammed 
with  vibrios  ;  these  should  convince  the  veriest  sceptic.  Since  the 
publication  of  this  paper  no  objection  has  been  advanced,  and  this 
question  of  the  suppression  of  the  granular  trunsfonnatiou  of  vibrios 
n)ay  now  be  reganted  as  definitely  settled.  I  have  since  demonstrated 
this  feature  to  many  observers,  all  of  whom  have  assured  themselves 
of  its  accuracy.  It  must,  then,  be  accepted  that  PfeifTer's  phenomenon 
is  not  produced  in  the  peritoneal  cavity  except  when  there  is  phago- 
lysis. As  this  fact  renders  it  very  probable  that  the  microcytase, 
which  is  necessary  for  the  transformation  of  the  vibrios,  escapes  from 
the  injured  leucocytes,  it  becomes  necessary  to  verify  this  hypothesis 
by  a  series  of  other  experiment:^.  If  this  hypothesis  be  well  founded, 
Pfeifter's  i>hcnomenon  should  not  be  observed  in  those  situations  in 
the  body  where  there  are  no,  or  almost  no,  leucocytes  already  present. 
These  conditions  can  be  realised  by  injecting  cholera  vibrios  into  the 
subcutaneous  tissue  or  into  the  anterior  chamber  of  the  eye  of  guinea- 
i  Ann.  dti  rjiul.  Patteur,  Poi'is,  1897,  t  XI,  p.  767. 
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\i\)î^  that  are  well  vaccinated  apiiiist  the  cholera  vibrio.  Under  these 
conditions,  as  I  have  demonstrated  in  my  work  on  the  extracellular 
destniction  of  cholera  vibrios,  the  vibrios  retain  their  normal  form 
and  are  never  tnuisfornied  into  granules.  Pfeiffer  haa  questioned 
this  result,  stating  that  beneath  the  skiu  of  vaccinated  guinea-pigs 
the  granular  transformation  is  always  produced,  though  in  a  more 
feeble  fashion  and  after  more  delay  than  in  the  peritoneal  cavity. 
The  contradiction  between  Pfeiffer's  experiments  and  ray  own  can, 
however,  be  explained.  When  inoculating  the  vibrios  into  the  sub- 
cntaneous  tissue,  or  during  the  withdi-awal  of  the  exudation  formed 
at  tlie  point  of  infection,  small  haemorrhages  are  sometimes  produced 
and  a  certain  amoinit  of  microcytase  is  set  free  from  the  leucocytes 
found  in  the  effusion  of  blood  ;  these  cells  also  give  up  to  the  extnv- 
vasated  blood  a  portion  of  their  fibrin-feruient.  When  the  experi- 
ment is  successful,  that  is  to  say  when  no  haeniurrhage  is  produced 
during  the  operations  involved,  the  subcutaneous  extuJation  contains 
normal  vibrios  only,  without  the  appearance  of  any  trace  of  Pfeifler's 
phenomenon  in  the  Huid. 

If  the  extracellular  ti-jinsformation  of  the  vibrios  into  granules  [233] 
were  the  real  cause  of  the  aaiuired  immunity,  the  absence  of  this 
phenontenon  in  the  subcutaneous  tissue  of  the  vaccinated  guinea- 
pig  should  lead  to  the  death  of  the  animal.  As  a  matter  of  fact 
this  does  not  take  place  and  the  animal  resists  the  inoculation  of  the 
vibrios.  This  conclusion  is  open  to  one  serious  objection.  As  the 
cholera  vibrio  in  the  great  majority  of  cases  is  incapable  of  producing 
a  fatal  infection  when  inoculated  subcutaneously,  even  in  normal 
unvaccinated  guinea-pigs,  this  example  of  immunity  must  be  placed 
in  the  category  of  natural  iuiinunity,  a  kind  of  inniuuiity  which  may  de- 
pend on  causes  other  than  those  on  which  acquiretl  innnunity  dejieuds. 
To  answer  this  objection  it  was  necessary  to  select  a  race  of  vibrios 
capable,  when  injected  subcutaneously,  of  causing  death.  MesniP,  chief 
of  my  laboratory  staff,  undertook  to  carry  out  experiments  with  the 
Massowah  vibrio,  which  is  regarded  by  some  authors  as  belonging 
io  the  true  cholera  species.  When  inoculated  subcutaneously  into 
unprotected  guinea-pigs,  it  induces  local  oedema,  in  which  the  vibrios 
swarm  ;  the  infection  rapidly  becomes  generalised  and  causes  the  death 
of  the  animal  in  24  hours.  Yet  this  vibrio,  when  injected  into  the 
subcutaneous  tissue  of  well  vaccinated  guinea-pigs,  is  completely 
re»isted  by  these  animals  and  not  the  lesist  trace  of  Pfeiffer's  phe- 
'  Ann.  de  Cfnit.  Piuteur,  Pari»,  189»,  t  x,  p.  375. 
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iiomenon  is  prcKluced.  Under  these  conilitions,  a  certain  number  of 
the  vibrios  are  at  tirj?t  united  into  niaisses,  but  a  considerable  number 
remain  isolateil  and  motile.  Some  hours  after  inoculation  the  number 
of  cbimjw  «iiniinislies  and  the  isohited  vibrios  Ijecome  more  numerous, 
a  tact  which  indicates  a  certain  amount  of  adaptation  of  the  vibrio 
to  the  me(Hura  in  wliich  it  now  finds  itself.  But  never,  «o  long  as  the 
vibrios  remain  fi*ee  in  the  subcutaneous  exudation,  do  they  become 
transformed  into  granules. 

Salimbeni^  in  an  investigation  canned  out  in  my  laboratory, 
endeavoured  to  satisfy  himself  whether  or  no  Pfeifler's  phenomenon 
is  produced  in  the  subcutiineous  tissue  of  a  horse  that  had  been 
hyperimmuiiisetl  against  the  cholera  vibrio.  This  animal  had,  during 
a  period  of  1 4  months,  receivcfl  eonsidei-able  quantities  of  these  micro- 
organisms, and  the  senmi  of  its  blood  transformed  the  vibrios  into 
granules  with  great  nijiidity  and  intensity.  lu  spite  of  such  favour- 
able conditions  for  the  manifestation  of  Pfeifter's  phenomenon,  it 
was  never  produced  beneath  the  skin  of  tliis  horse.  The  vibrios 
when  injected  in  this  i^osition  became  completely  motionless  in  a 
[234]  very  short  time,  but  they  kept  their  vibrio  form  and  remained  alive 
for  a  number  of  houiu  The  exudation  drawn  off  up  to  24  houi"» 
after  inoculation  still  gave  growths  of  the  cholera  vibrio. 

As  it  is  more  easy  to  intrctduce,  without  effusion  of  blood,  the 
cholera  vibrio  into  the  anterior  chamber  of  the  eye  than  lieneath 
the  skin,  and  as  the  aqueous  humour  contains  no  fixative,  the  absence 
of  the  granular  tninsformatiou  in  the  first  of  these  two  situations  has 
been  observed  even  by  Pfeiffer  himself.  The  demonstration  of  this 
fact  presents  no  difiiculty,  and  for  a  considerable  period  we  may 
<ibserve  free  and  jieifectly  motile  vibrios  moving  about  in  the  aqueous 
humour.  The  exudation  from  the  eye  conUiins  many  of  these  living 
organisms,  which  when  sowu  on  culture  media  made  their  appearance 
as  colonies  even  when  the  fluid  has  been  withdi'a>vn  from  the  eye 
several  days  after  inocidation. 

These  carefully  established  facts  show  very  clearly  that  the  micro- 
cytase  is  only  met  with  in  the  fluids  of  the  living  animal  in  tliose 
situations  in  which  there  are  many  i>re-existing  leucocytes  and  under 
conditions  in  which  the  cells  undergo  a  more  or  less  marked  phago* 
lysis.  This  may  Ix;  con'obonited  by  a  decisive  experiment.  When 
we  inject  a  suspension  of  the  cholei-a  vibrio  directly  into  the  veins  of 
a  guinea-pig,  well  vaccinated  against  these  organisms,  aud  whose 
'  Aun.  de,  tlntl.  Ptuteur,  I'mis,  1«98,  t  Xli,  p.  19!>. 


scnim  produces  in  vitro  Pfeiffer's  iiltenoinenon  with  great  rapidity, 
this  phenomenon  iâ  not  manifcâted.  This  experiment  has  been 
I»erformed  and  described  by  Bordet^  Ilavinj^  injected  a  suspen- 
sion of  this  vibrio  into  the  jugular  vein  of  a  guinea-pig  vaccinated 
against  the  cholera  vibrio,  he  killeil  the  animal  an  hour  later  au«i 
found,  in  the  blood  of  tlie  heart,  vibrios  that  liad  kept  intact  their 
fonn  and  their  property  of  staining  with  methylene  blue.  Cultiva- 
tion of  the  blood  of  the  heart,  liver  and  spleen  gave  growths  of 
vibrios.  In  another  guinea-pig,  hypervaccinated  against  the  same 
organism  aiad  inoculated  by  the  same  method,  the  blood  drawn  ott* 
Bhortly  (4 — 15  minutes)  afterwards  showed,  iu  preparations  treated 
with  methylene  blue,  well-stained  vibrios,  of  normal  form  and  quite 
intact  This  is  the  most  «lirert  jirtxif  of  the  absence  of  Pfeiifer's 
phenomenon  in  the  blood  fluid  of  a  living  animal  that  enjoys  a  very  [235] 
marked  acquired  imuiutiity.  The  intact  vibrios  were  lodged  inside 
the  leucocytes. 

l^evaditi-  repeated  these  experiments  in  my  laboratory  and  varied 
the  conditions  under  whicli  the  vibrios  were  injected  into  the  blood 
ve!!iscls.  He  was  sometimes  able  to  observe  phagolysis  of  tlie  leuco- 
cytes of  the  blood  and  their  almost  complete  disappearance  from  the 
the  jieripheral  circulation.  In  these  cases  the  injured  leucocytes 
Hccumuiated  in  the  pulmonary  capillaries  and  masses  of  them  were 
seen  surrounding  groups  of  vibrios  that  were  tRmsfomied  into 
granules.  It  was,  however,  easy  to  exclude  pliagolysis  by  preparing 
the  animals  by  means  of  injections  of  physiological  saline  s<»hition  or 
broth.  Under  these  conditions  the  leucocytes  remained  iti  the  blood 
current  and  very  soon  ingested  the  vibrios.  Whilst  the  vibrios  that 
were  still  free  in  the  blood  plasma  retsiiued  their  form  and  staining 
power  intact,  those  found  insi<ie  micropliages  were  already,  iu  great 
jjart,  transformed  into  granules.  The  rapidity  with  which  these 
jihagocN'tes  ingeet  the  vibrios  and  set  up  the  changes  iu  them  is  really 
extraordinary. 

In  this  case,  which  attbrds  a  typical  example  of  the  reaction  of  the 
animal  organism  in  ac(}uired  immunity,  we  see  a  very  marked  and 
immediate  phagocytosis.  It  is  this  same  process  that  ha*»  already 
lu-'cn  described  as  occurring  in  the  peritoneal  «ivity  of  vaccinated 
guinea-pigs  in  which  phagolysis  was  absent  as  the  result  of  pre- 
paratory ii\jection.     In  the  subcutaneous  tissue  and  in  the  anterior 

•  Ann.  Sne,  d.  tf.  miJ.  el  uat.  df  BrnjrflU»,  IS».?.  I.  IV. 

*  Ann.  d<s  tlutt.  I'asUur,  i'arii,  1901,  t  xv,  p.  894. 
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cliainbcr  of  the  eye,  wliere  Pfeiffer's  plienomenon  is  regularly  absent, 
the  i>hagocjto9i8  follows  its  ordinary  course  and  causes  the  destruction 
of  the  vibrios.  This  rcsidt  has  been  confirmed  repeatedly — see  works 
by  Bordet,  Mesnil  and  Salirabeni  already  quoted. 

We  need  only  compare  the  extension  of  Pfeiffer's  x>hcnomenon 
and  that  of  pliugocytosis  in  animals  that  are  immunised  against  the 
cholera  vibrio,  to  satisfy  ourselves  that  the  former  phenomenon  is  a 
limited  one  whilst  the  latter  is  general.  There  might  be  advanced 
against  the  latter  conclnsion  the  fact  of  the  absence  of  any  ingestion 
of  the  vibrios  in  the  peiitoiieal  fluid  of  guinea-pigs  that  are  im- 
[2.S0]  miinised  but  are  not  preserved  agsiitist  phagolysis,  \\'hen  a  little  of 
the  peritoneal  fluid  is  drawn  oft'  with  small  tubes  sliortly  after  the 
injection  of  vibrios  into  the  peritoneal  cavity,  as  a  matter  of  fact,  only 
a  very  intense  PftifTt-r's  j^heuomeiion  is  seen,  phagocytosis  being  com- 
pletely or  almost  entirely  absent  But  this  procedure  is  insutficient. 
If  we  are  to  get  an  idea  of  what  really  takes  place  in  the  abdominal 
cavity,  the  animal  must  be  killed  and  the  peritoneum  and  especially 
the  omentum  very  carefully  examined.  As  firet  demonstrated  by 
Max  Gruber^  and  later  by  CantîK-uzî-ue-,  the  greater  omentum  is,  in 
these  cases,  covered  with  a  thick  layei"  wliich  contains  a  large  number 
of  leucocytes,  of  which  some  are  filled  with  vibrios  ;  further,  this 
layer  contains  a  mass  of  vibrios,  in  part  transformeil  into  granules, 
in  part  agglutinated  or  isolated  and  retaining  their  vibrionic  form 
intact  As  time  goes  on,  the  phagocytosis  becomes  more  and  more 
marked,  and  it  is  impossible  to  deny  its  existence  or  to  attribute  to 
it  merely  a  secondary  part 

We  have  seen  that  the  suppression  of  Pfeiffer's  phenomenon  in 
the  peritoneal  cavity  and  in  the  blood,  or  its  totiil  absence  in  the 
anterior  chamber  of  the  eye,  does  not  in  the  least  deijrive  the  vac- 
cinated guinea-pig  of  its  acquired  immunity.  The  animal  resists 
the  viVirios  perfectly,  without  these  requiring  to  be  transformed  lui/o 
granules  in  the  body  fluids.  This  tiiuisfonnation  rloes  take  place 
umtoubtedly,  but  only  inside  the  phagocytes.  As  already  stated  in 
the  discussion  on  natural  imnumity  (Chaps.  VI,  VII)  the  fabrics, 
after  being  ingested  by  the  niicrophages,  almost  immediately  undergo 
within  these  cells  a  change  in  fonn,  very  similar  to  that  observed  in 
the  real  Pfeiffer's  plienomenon.  The  microphages  are  often  full  of 
a  quantity  of  granules,  derived  from  the  ingested  vibrios,  which  in 

»  MUnehttu  nud.  IVeKnsehr.,  1896,  SS.  277  and  310. 
'  Ann.  de  rirut.  Patteur,  Paris,  189S,  t.  xu,  p.  273. 
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\oxi  time  are  completely  digested.     This  fact,  of  such  constant 
wrrence  iu  the  phagocytosis  of  the  vibrios,  furnishes  us  with  still 
another  proof  of  the  micropliagic  origin  of  niicrocytase. 

If  Pfeiffer's  phenomenon  is  merely  a  particular  instance  of  the  trans- 
formation of  vibrios  into  gi-anules  in  fluids  containing  microcytase, 
it  is  quite  natural  that  its  suppression  should  not  involve  a  fatal 
infection  of  the  vaccinated  animals.  On  the  other  hand,  if  the  phago- 
cytic reaction,  so  >videly  different,  really  plays  an  important  part 
in  acquired  immunity,  everything  that  interferes  with  phagocytosis 
must  at  the  same  time  compromise  the  refractory  condition.  With 
the  object  of  solving  this  question  Cantaciizène  \  Avorking  in  my 
laboratory,  undertook  a  detailed  investigation  of  this  point.  Ho 
showed  that  the  injection  of  opium,  in  a  nou-fiital  dose,  narcotised 
the  gninea-pig  and  at  the  same  time  prevented  the  movements  of 
the  leucocytes.  Small  glaas  tubes  containing  cholera  vibrios  and 
introduced  beneath  the  skin  of  vaccinated  guinea-pigs,  became  filled 
with  numbers  of  leucocytes  in  the  non-narcotised  animal;  in  the 
guinea-pig  that  had  receivud  tincture  of  opium,  the  tubes  left  for 
several  hours  contained  no  leucocytes  and  later  only  did  they  begin 
to  enter  the  tubes.  When  a  strong  dose  of  cholera  vibrios  was 
iiyected  into  the  peritoneal  cavity  of  thorouglily  vucLiiiatetl  guinea- 
pigs,  the  animals  easily  resisted  the  inoculation.  When,  however, 
lilarlj  vaccinated  guinea-pigs  were  submitted  to  the  influence  of 
of  opium,  the  same  dose  of  vibrios  caiised  their  death.  In 
these  narcotised  animals,  in  spite  of  the  considerable  dilaUition  antl 
hy])eraemia  of  the  vessels  and  in  spite  of  the  marked  hyperleucocytosis 
of  the  blood,  diapedesis  was  not  produced  duritig  the  first  few  hours 
nfler  the  injection  of  theopium,  and  it  was  not  till  later  (5  to  6  hours 
after  injection)  that  the  leucocytes  began  to  ajtpear  in  the  perit-onc^d 
cavity.  The  vibrios  profit  by  the  period  of  inactivity  of  the  phago- 
cyte» to  multiply,  retaining  their  motility  and  also  the  property  of 
staining  with  basic  aniline  dyes.  When  the  retarded  leucocytes  make 
their  appeanince  in  the  peritoneal  cavity,  they  find  it  already  invaded 
by  a  multitude  of  vibrios.  In  spite  of  this  the  leucocytes,  especially 
the  microphages,  ingest  an  enormous  number  of  the  orgjinisms  ;  this 
not  prevent  the  death  of  the  guinea-pigs,  though  it  takes  place 
hours  later  than  iu  the  unvaccinated  control  animals.  At  the 
moment  of  death,  free  vibrios  are  no  longer  found  in  the  ex\i- 
ilution  ;  they  have  all  been  ingested  by  the  raicrophiiges,  insidâ 
'  Ann.  de  Clmt.  Patteur,  Pam,  189S,  t  xii,  p.  288. 
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which  they  have  undergone  granular  tnuisforniation.    On  making  a] 
post-morteni  examination  of  tlie  animal  a  large   number  of  small 
heaps  of  vibrios,  such  as  are  never  met  with  in  animals  that  have 
not  been  submitted  to  the  action  of  opium,  are  found  on  the  omentum. 

All  that  i«  necessary,  then,  is  to  retard  the  phagocytic  reaction 
for  a  few  houi-s  iu  order  to   cause   well-vaccinate<l  guinea-pigs   t() 
succumb  to  the  action  of  the  vibrios.    One  can  readily  understand  fl 
[238]  that,  with  this  result  before   us,  there  can  be  no  hesitation   in   at-  " 
tributiiig  to  phagocytosis  a  much  more  imijorttuit  part  in   asâuring 
acquired  immunity  than  to  Pfcit^fcr'H  phenomenon.  ^Ê 

The  study  of  other  diseases  jiroduced  by  vibrios  only  serves  to 
corroborate  the  general  conclusions  that  follow  from  the  detailed 
study  of  the  essei»tial  jirocesses  iu  acquired  immunity  against  the 
cholera  vibrio.  It  is  here  necessary  to  recall  the  discovery  by 
v.  Behring  and  Nissen  of  the  very  niarktnl  bactericidal  jxjwer  of 
the  blood  scrum  of  guinea-pigs  that  have  been  vaccinated  agiunst 
Ganudeiu's  vibrio.  When  this  fact  was  first  demonstrated  we  were 
justified  in  thinking  that  the  vibrionicidal  property  of  the  blood 
might  by  itself  explain  this  acquired  iirimunity  ;  but  a  com(>arative 
fttudy  of  tlie  pherjonieua  whicli  take  place  in  litro  with  those  which 
take  place  in  the  living  animal,  t>oou  demonstrated  how  slight  w:ia 
the  foundation  for  this  liypotliesis.  Whilst  the  vibrios,  when  sown 
in  the  bloo<l  serum  of  liypervaccinated  guinea-pigs,  there  i)eri8hed 
in  large  quantities  or  even  the  whole  of  them,  these  same  organisms, 
when  inoculated  into  the  subcutaneous  tissue  of  the  sjime  animals,  re- 
mained alive  for  sevend  days.  Oanudeia's  vibrio  is  umch  less  Ciipable 
of  bei)ig  transfonued  into  granules  tli;in  is  the  clujlera  vibrio,  and  we 
find  it  retaining  its  normal  form  even  inside  the  leucocytes.  There  is 
no  occasion  in  this  ciise,  therefore,  to  look  for  Pfeifier's  phenomenon. 

The  rapid  and  niarkeil  destruction  of  Oamaleia's  vibrio,  in  vitro, 
in  the  bh>od  serum  of  vaccinated  guinea-pigs,  and  tlie  prolonged 
survival  of  these  organisms  in  the  living  animal,  attbrd  additional 
evidence  tliat  the  two  groups  of  phenomena  t^annot  be  identictd. 
On  the  other  hand,  it  funiishes  a  further  proof  that,  during  tho  fl 
preparation  of  the  serum,  there  is  produced,  parallel  with  the  co-  ™ 
agulation,  another  process  which  confers  bactei'icidal  power  on  the 
serum.  It  is  quite  evident  that,  as  in  the  case  of  the  cholera  vibrio, 
we  have  here  to  do  witli  the  liberation  of  microcytase  at  the 
expense  of  the  destroyed  or  injured  leucocytes.  Acting  along  with 
the  specific  fixative  of  the  body  fluids,  this  cytase  amses  the  death 


of  the  vibrios  introduced  into  the  serum.  In  the  lin'ng  organism, 
the  niicrocytaso  not  being  free,  these  vibrios,  although  influenced 
by  the  fixîttive,  resist  until  tlicy  have  become  the  prey  of  tlie 
phagocytes.  lu  au  investigation  which  was  the  subject  of  a  comnm- 
nicatiou  to  the  Intcniatioual  Congress  of  Hygiene  in  London  in 
1891  \  I  demonstrated  that  tlie  [>liagocytic  reaction  is  produced  witii  [239] 
great  intensity  in  guinea  pigs  tliat  liavc  been  vaccinated  against 
Gamaleia's  vibrio.  Tlie  inoculation  of  this  organism  into  the  sub- 
cutaneous tissue,  an  inocuhition  wliich  set**  up  a  nipiilly  fatal  infectiou 
in  untreated  guinea-pigs,  gives  rise  in  immunised  animals  to  the 
fonnation  of  an  abundant  exudation,  in  which  the  numerous  vibrios 
soon  meet  with  resistance  from  the  phiigocytes.  These  phagocytes 
ingest  the  living  vibrios,  retaining  tiiem  for  some  considerable  time 
in  their  interior,  but  in  the  long  run  always  digesting  them  com- 
pletely. During  the  last  phase  of  this  struggle,  we  sometimes  tiud, 
insiiie  the  leucocytes,  vibrios  that  are  ti-ansfnrmed  into  spherical 
granules.  It  was  with  these  cells,  filled  witia  ingested  vibrios,  that 
I  wa«  able  first  to  carry  out  aii  experiment  that  luis  since  Iwen 
repeated  again  and  again,  always  with  the  same  result  When  from 
a  well-vaccinated  giunea-pig  u  drop  of  subcutaneous  exudation  is 
withdrawn,  at  a  stiige  when  all  the  vibrios  have  for  some  time 
been  ingested  by  the  leucocytes,  and  transferred,  in  the  form  of 
a  hanging  drop,  to  the  incubator  at  35° — 37°  C,  it  is  found  that  the 
ingested  vibrios  develop  inside  the  phagocytes  which  have  died  out- 
side the  animal  The  vibrios  first  till  the  leucocyte  and,  continuing 
to  multiply,  cause  the  cell  to  burst  when  they  «listribute  themselves 
iu  the  Huid  of  the  hanging  drop  (figs.  10  and  41).  This  experiment 
proves,  in  the  first  place,  that  the  vibrios  have  been  ingested  alive, 
an<l,  secondly,  that  the  pliu«ma  of  the  exudation  was  incapable  of 
preventing  their  later  development. 

Ilaving  summarised  the  ]>riucipal  phenomena  exhibited  by  vibrios 
in  ail  animal  possessing  acipiired  inmnmity,  we  must  now  enquire 
whether  the  motle  of  destruction  and  disappearance  taking  place  in 
these  vibrios  is  of  general  apjjlication.  Naturally,  wc  commence  this 
etudy  witli  the  spirilla,  which  in  many  respects  present  a  great 
analogy  to  the  vibrios.  The  tjtsk  is  an  easy  one,  thanks  to  a  very 
carvfiil  work  recently  published  by  iSawtchenko-,  on  the  Sj'irochaetc 

'  {Trdiit.  Sfreiti/i  tnlernat.  Cottar.  <(/'  Nyff.  orid  DftunijT.  London,  1892,  Vol.  n. 
p.  ITS*  :]  Ann.  dt  tlntt.  Patteitr,  Piiris.  ls>»l,  t.  v,  p.  405. 

'  Arfh.  ruMf*  df  Puihnl.,  etc.,  St  Fétcrsb.,  I9t>0,  t  tx,  p,  M4;  Sjtwtclionko  et 
Mdkic-h.  Ann.  de  Nmt.  PatUur,  Tari»,  li^Ol,  t  xv,  p.  bKï.i. 

lb— À 


228 


Chapter  VIII 


obermeyeri  of  recurrent  fever.    We  know,  from  what  has  been  said  in 
Chapter  VI,  that  the  spirochaetes  found  in  the  serum  of  persons 
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Tia.  40.    Vibrios  {V.  metehnikovi)  developed  inside 
a  microphage  from  a  vaccinated  guinea-pig. 


.^^s^m 


Fio.  41.    Vibrios  {V.  metchnikovi)  developed  in  a  drop  of  exudation 

from  a  vaccinated  guinea-pig.     The  vibrios  have  raptured  the 

microphage  and  scattered  themselves  in  the  fluid. 

attacked  by  this  organism,  are,  in  the  peritoneal  cavity  of  guinea- 
pigs,  destroyed  by  the  intervention  of  the  macrophages.     These 
[240]  phagocytes  guarantee  the  natural  immunity  of  the  guinea-pig  against 
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the  parasite  of  recurrent  fever.  In  giiiuea-pigs,  into  which  blood 
or  scrum  containing  spirilla  lias  been  injected  on  several  occa-sions, 
the  destruction  of  these  micro-organisms  is  effected  in  a  different  ["241] 
vray.  When  Sawtchenko  introduced  a  number  of  Spirochactc  ober- 
tneyeri  into  the  iH?ritoneal  cavity  of  guinea-pigs  so  prepared,  he 
noted  thiit  they  underwent  a  transformation  resembling  that  ob- 
served in  Pfeiffcr's  phenomenon.  In  a  short  time  the  m^ority  of 
these  micro-organisms  sussumed  the  form  of  ver}'  delicate  spirilla  to 
which  were  attached  round  granules.  Tliere  was  not  a  complete 
tranafomiation  of  the  Rpirilla  into  gnmules,  but  a  portion  of  their 
contents  exuded  in  the  form  of  spherical  drops.  The  spirilla  that 
exhibited  these  changes  lost  their  utotility  und  collected  into  clumps. 
Tliere  was  undoubtedly  an  extracellular  transformatiim  of  the  siiirilla, 
but  this  took  place  only  in  the  peritoneal  cavit}'.  When  injected  into 
the  sulx'utaneous  tissue  of  a  pteparetl  guinea-pig  the  spirilla  brought 
about  the  fonnation  of  a  firm  hut  scanty  exudation  in  this  situatiotu 
In  thi;»  exudation  were  found  leucocytea  containing  spirochaetcs  which 
retained  their  normal  form.  These  micro-organisms  were  found  ex- 
clusively in  macrophages  and  gave  no  evidence  of  the  occurrence 
of  Pfeitfer's  phenomenon.  A  like  absence  of  this  phenomenon  was 
obsencd  in  normal  guinea-pigs  which  had  been  injected  sulK'utane- 
ou.ily  with  the  siime  quantity  of  spirilla.  In  these  animals,  however, 
the  oedema  that  ajipcared  at  the  seat  of  inoculation  was  abundant 
and  s<ift,  and  the  di sa] )pea ranee  of  the  spirilla,  that  is  to  say  their 
ingestion  by  the  macrophages,  took  place  at  a  verj'  much  later  period 
than  in  the  prepare<l  guinea-pigs.  We  have,  therefore,  in  this  respect 
u  complete  analogy  with  the  vibrios  :  in  Ijoth  cases  there  is  an  absejice 
of  granular  ti-amifoiTOution  below  the  skin  and  an  ingestion  by  the 
leucocytes  of  the  exudation;  on  the  other  hand,  we  have  Pfeiffer's 
phenomenon  appearing  in  the  peritoneal  tluid.  lliis  analog)-  extends 
eren  further.  Thus,  in  guinea-pigs  prepai-ed  by  reiwîated  injections 
of  human  serum  rich  in  spirilla,  Sawtchenko  could  suppress  Pfeiffer's 
phen<jmeuon  in  the  peritoneal  cavity  just  as  eatiily  as  in  the  case  of 
tile  vibrios.  All  he  hail  to  do  was  to  inject  a  certain  quantity 
of  broth  into  the  peritoneal  cavity  of  his  immunise<l  guinea-i)ig3. 
Twenty-four  hours  later,  on  introducing  spirilla  into  the  animals  at 
the  «ame  site,  they  retained  their  motility  for  hours,  did  not  exhibit 
any  granular  transformation  and  were  ultimately  completely  ingested 
by  the  macrophages. 

Tla%e  facts  lead  us  to  conclude  that  the  fate  of  the  spirochactes 


[242]  of  recurrent  fever  in  the  orgiinisni  of  guinea-pigs  prepared  by  pre- 
vious injections  in  governed  by  laws  the  same  as  those  e:?tabH!5hed 
for  acquired  immunity  againnt  vibrios.  The  spirilla  are  ingested  and 
destroyed  by  the  phagocytes,  except  where  phagolysià  ixscura,  in 
whicli  cuso  the  cytasc,  being  set  free,  attacks  the  niicro-orgauisnis 
outside  the  leucocytes. 

After  his  discovery  of  the  granular  transformation  of  vibricM, 
R.  Pfeitter,  in  collaboi'ution  with  several  of  his  pupils,  set  himself  to 
discover  how  far  this  phenomenon  was  general  in  acquired  immunity. 
He  directed  his  attention  to  the  typhoid  coecn-hacillus,  upon  which 
he  had  already  i>Hblislied^  a  very  detailed  account  of  work  earned 
out  in  conjunction  with  Kolle.  These  observers  availed  themselves 
of  the  discovery  made  by  Beumer  and  Peii>er-,  and  Chantemesse  and 
WidaF  and  confirmed  by  other  ob«ervei"s,  that  laboratory  animals, 
especially  mice  and  guinea-pigs,  coiUd  be  easily  vaccinated  against 
the  fatal  disease  set  up  by  the  micro-organism  of  typhoid  fever.  As 
in  the  experimental  infection  of  the  guinea-pig  by  the  cholera  vibrio, 
the  vaccination  of  the  animals  agjunst  the  typhoid  bacillus  could  be 
cîirrietl  out  very  easily,  either  by  using  sterilised  cultures  or  the  Huida 
of  cultures  deprived  of  their  organisms  by  fdtration.  lu  the  small 
lalwnitory  animals  a  most  marked  acquired  immunity  may  thua  be 
obtained,  and  the  study  of  the  phenomena  which  appear  in  the 
vaccinated  organism  aflbnled  evidence  of  a  genenil  analogy  wit!»  those 
which  have  been  observed  when  vibi-ios  are  used.  In  the  peritoneal 
cavity  of  the  immunised  guinea-pigs,  Pfeitfer's  phenomenon  proper 
does  not  appear,  that  is  to  say,  only  a  few  of  the  bacilli  are  trans- 
formed into  granules,  the  large  majority  retaining  their  bacillary 
form;  still  they  are  evidently  greatly  daniaged:  they  become  motion- 
less and  agglutinate  more  or  less  completely  into  chunps.  If,  however, 
a  few  of  these  micro-organisms  are  sown  on  nutritive  media,  they 
multiply  freely  and  give  abundant  growths.  The  peritoneal  fluid, 
ttien,  acts  most  unndstakably  upon  the  typhoid  bacillus,  but  ia 
a  nuich  ]&»  degree  than  does  the  peritoneal  exudation  of  guinea- 
pigs  upon  the  cholera  vibrio  when  immunised  against  that  organism. 

[243]  In  both  cases  we  have  a  pronounced  phagolysis  which  sets  free  the 
raicrocytase,  whose  action  on  the  vibrio  is  more  niarkeil  than  ou 
the  bacillus  of   typhoid  fever.      This   extracellular  action  on   the 

>  ZUchr./.  Hyg.,  Leipzig.  1896,  Bd.  xxi,  S.  203. 

'  Ihid.  Ib87,  Bd.  n,  S.  110. 

*  Ann.  dt  fItiH.  Patteur,  Puis,  1692,  t  vi,  p.  755. 
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typhoM  bacilhi»  in  tlie  peritoneal  cavity  can  he  easily  prevented  by 
a  previous  injection,  twenty-four  hours  before,  of  broth,  physiolojçical 
Halt  solution,  or  nornml  serum.  The  suppression  of  pimgolysis  is,  as 
in  the  case  of  vibrios  and  spirilla,  followed  by  the  suppression  of 
extracellular  action  on  the  typhoid  bacilli. 

Tlie  same  analogy  is  observed  in  the  phenomena  which  ap|>ear  be- 
neath the  skin.  The  bacillus  of  typhoid  fever,  when  intr^nluccil  into 
the  riulx:ut;inuous  tissue  of  vaccinatetl  guinea-pigs,  although  not  ai>pre- 
ciably  injured  by  the  fluid  of  the  exudation,  undergoes  some  agglu- 
tination. 'Die  injurious  action  of  the  fluids  of  the  body  is  here  still 
less  effective  than  in  the  peritoneal  cavity.  But,  its  in  the  peritoneal 
cavity  of  vaccinated  guinea-pigs  previously  treated  with  broth,  so  in  the 
eabcutaneous  exudation  it  is  the  phagocytes  which  destroy  the  micro- 
organisras.  In  l»oth  cases  there  is  a  very  great  afflux  of  leucocytes, 
tuaiidy  microphages.  These  cells  ingest  and  digest  the  bacilli,  M'hich 
oltfanutely  disapiicar.  The  micro-oiganisms  ingested  by  the  micro- 
phages, once  inside  these  piiagocytes  are  transformed  into  granules 
very  like  those  observed  in  the  cholera  vibrio  similarly  treated.  In  this 
respect  the  analog}'  between  the  two  micro-organisms  is  complete. 

OpiKjl,  working  in  my  lalioratury,  hjis  repeated  Cantacnzv-ne's 
work  on  the  retarding  action  of  opium  nfion  tlie  phagocytic  process. 
Ile  obtained  the  same  results:  under  the  influence  of  the  narcotic, 
the  leucocytes  intervenetl  only  at  a  late  stage,  with  tlte  result  that 
the  vaccinated  guinea-pigs  succumbed  to  the  typhoi<l  infection.  Tlie 
same  conclusion  must  be  dniwn  fr'om  the  experiment»;  made  by 
A- Wa68ern>ann\  Guinea-pigs  that  had  been  immunised  against  the 
bacillus  of  typhoid  fever  were  completely  resistant  to  a  dose  that  was 
always  fatiU  to  the  control  animals.  WHicn,  however,  along  with  this 
dojse  of  bacilli,  a  certain  quantity  (3  c.a)  of  a  serum  which  hinders 
the  phagocytic  reaction  is  injected,  the  guinea-pigs  lose  their  im- 
munity and  die  from  tyi>hoid  infection.  The  serum  employed  by 
>Vassermann  was  obtidned  from  rabbits  that  had  been  treated  with 
the  blood  serum  of  guinea-pigs.  Rabbit's  serum,  thus  prepared, 
neutralises  the  action  of  the  guinea-pig's  cytj\sc,  but,  as  demonstrated  [244] 
by  Besredka^  it  also  exercises  several  other  functions,  one  esi)ecially, 
that  of  preventing  phagocytosis.  In  Wassermann's  experiments  it 
was  the  autiphagocytic  function,  then,  that  was  the  imi>ortaut  factor 


1  ZiKhr.f.  Hyg^  Leipzig,  1901,  Bd.  x.xxvii,  S.  173, 
*  Ann.  dt  I'lntL  PaiUiir,  Fnr'u,  lUUl,  t.  xv,  p.  209. 
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'y\  tlie  8upi)re.s9Îoii  of  tlie  acquired  ininiuiiity  of  tlie  guinea-pigs? 
Tliese  expcriiueiiU  supply  a  fresh  proof  of  the  great  iuipurtauce  of 
the  phagocytic  reaction  in  this  kiud  of  immuuity,  and  atfbrd  further 
confirmation  of  the  analogy  between  the  uiechanisra  of  rebistauce  of 
the  auinxal'»  organiaui  against  the  typhoid  bacillus  and  that  against 
the  cholera  vibrio. 

In  presence  of  this  striking  analogy,  it  is  unnecessary  to  insist 
further  on  tiic  details  of  the  acquired  inmiuiiity  of  animals  against 
the  experimental  disease  set  up  by  the  micro-organism  of  typhoid 
fever.  It  will  bo  better  to  select  another  exauii>le  from  the  group 
of  bacilli.  Let  us  first  take  the  acquired  imiaunlty  against  the 
liiifilluH  of  blue  pus  {Bacillus  pi/ocifaucus)  which  for  many  years  has 
been  rcgurdcil  us  the  best  exaujple  in  which  to  study  this  kiud  of 
inimunity.  Cliarriti,  who  was  tlie  first  to  obtîuu  disease  with  this 
bacillus  expenniLiit:illy,  published  several  uotes^  on  the  acquired 
iriuuuiiity  of  the  rabbit  against  it.  He  demonstrated  the  possibility 
of  vaccinuting  this  unimal  not  only  with  living  bacilli,  but  also  with 
the  [iroducts  of  their  culture;  he  studied  the  blood  serum  of  vacci- 
nated animals,  compiiriiig  it  with  the  serum  of  normal  I'abbits, 
especially  as  to  its  action  on  the  development  of  the  BaciUns  pyo- 
ci/unem.  Although  unable  to  find  any  bactericidal  power  propei'Iy 
so  called  in  the  senuu  of  iiiuuunised  rabbits,  Cliarrin  was  the  first 
to  dmw  attention  to  certain  modifications  undergone  by  the  bacilli 
wlien  grown  in  this  medium.  He  noted  tiiat  under  these  conditions 
!i(»  py(K\vaniti  was  prtuluced,  and,  in  collaboration  with  Roger,  he 
demonstrated  that,  in  the  serum  of  the  vaccinated  rabbit,  the  BacUfus 
pyonfonetts  forms  packets  composed  of  little  chains  of  greater  or 
less  length,  whilst  in  the  serum  of  the  normal,  susceptible  rabbit, 
it  develops  in  the  form  of  normal  rods,  the  rods  for  the  most  part 
being  isolated. 

From  his  experiments  hi  vitro  Charrin  concluded  that  there  was 
marked  enfeeblement  of  the  functions  of  the  Bacillujs  pyocyaiicui 
when  submitted  to  the  action  of  the  vaccinated  animal  organisai. 
[S«6]  liouchurd"  has  gone  so  far  as  to  develop  a  theory  of  acquired 
imnnuiity,  in  which  the  principal  part  is  attributed  to  the  impos- 
sibility of  the  micro-orgîuiism,  after  it  has  invaded  the  refractory 
animal,  secreting  its  fiuid  proilucts;  there  is  no  Viiscular  dilatation 
and  dia)>edesi8  does  not  take  place.    A  conqiaKitive  observation  of  the 

»  Ciimpt.  tmd.  Soc,  de  bioi.,  Paris,  1889,  pp.  2&l>,  330,  «27  ;  ISJK»,  pp.  Si03,  332, 19S. 
I  '*Lc8  uiicrubcs  patliugiiuoe,'  Paris,  180^ 


phenomena  observed  in  rabbits  that  are  susceptible  to  the  pyocyauic 
disease  and  of  those  met  with  in  vaccinated  rabbits,  most  clearly,  how- 
ever, deinonetrates  the  impossibility  of  accepting  Bouchards  iuterpre- 
tation.  The  inoculation  of  the  bacillus  of  blue  pus  below  the  akin  of 
tlie  ear  of  the  normal  (unvaccinated)  rabbit  sets  up  extensive  inflam- 
matory reaction  with  marked  hyperaemia;  the  diapedesis  of  the  white 
corpuscles  takes  place  at  a  comparatively  late  stage  of  the  process 
«nd  phagocytosis  is  neither  set  up  nor  completed  until  very  late. 
On  the  other  band,  in  vaccinated  rabbits,  infected  in  the  same  «ay, 
the  hyper.iemia  of  the  ear  is  insignificant,  but  diapedesis  occurs  very 
early  and  phagocytosis  commences  at  once.  It  is  not,  therefore,  the 
impossibility  for  the  leucocytes  to  traverse  the  vessel  wall,  owing  to 
the  absence  of  the  dilatiition  of  the  veins,  which  prevents  them  from 
making  their  way  rapidly  to  the  field  of  battle  ;  it  is  their  imperfect 
positive  sensitiveness  that  is  accountable  for  the  tardy  and  incom- 
plete phagocytosis.  This  interpretation  is  confirmed  in  other  cases 
of  acquired  immunity. 

More  recently,  Paul  Miiller*  has  laid  special  stress  on  the  part 
played  by  the  bactericidal  action  of  the  serum  of  animals  that  have 
been  vaccinated  against  the  pyocyanic  disease.  For  him  the  negative 
results  obtained  by  his  predecessoi*s  lose  their  significance,  since  all 
Uicir  experiments  were  carried  out  under  conditions  of  aiirobiosis, 
whilst  it  is  only  in  the  absence  of  free  oxygen  that  this  bactericidal 
jjower  can  be  exerted  at  all  frecl)'.  Mliller,  therefore,  set  himself 
to  compare  under  anaerobic  conditions  the  bactericidal  action  on  the 
Bacillnn  jji/on/nnens  of  serums  coniiiig  from  normal  and  from  vacci- 
nated animals.  He  succeeded  in  demonstrating  that  the  blood  serum 
uf  vaccinated  animals  is  more  bactericidal  than  tliat  of  normal 
rabbits.  Before,  however,  drawing  any  conclusion  from  this  obser- 
vation, the  following  ques^tion  must  be  answered:  Are  the  phenomena 
«)bserved  in  vitro  comparable  with  those  seen  in  the  living  animal? 
In  preceding  ehapters  it  luis  been  shown  so  often  that  the  blood 
serum  obtained  after  the  separation  of  the  cxtrav;iscular  clot,  can 
in  no  way  be  identified  with  the  plasma  of  the  circulating  blood,  p-iti] 
that  it  is  unnecessary  to  argue  this  matter  further.  If  we  wish 
to  gain  a  clear  idea  of  the  mechanism  of  immunity  in  the  living 
aniuud  we  must  observe  the  course  of  events  in  the  vaccinated 
animal  and  not  draw  conclusions  from  observations  in  vitro  except 
after   strict  examination.     All   the   works  on   pyocyanic   immunity 

*  CtnlratbL  f.  Dakteriol.  «.  Panuilenk.,  l*»  Abt.,  Jena,  1900,  M.  xxnii,  8. 577. 


234 


Chapter  VIII 


I   lie   umler  the  reproach  that  in  them  this  to! 


above  snmmari 

has  not  been  adhered  to.  ^^ 

Since  the  discovery  of  Pfeiffer'a  phenomenon  in  animals  that  hav^H 
been  vaccinated  ai2;aii)st  the  cholei-a  vibrio,  much  greater  care  has  ' 
been  taken  to  attend  to  tlie  changes  that  occur  in  the  animal  th 
enjoys  acquired  immunity.  Wassermann^  was  the  first  to  attcm 
to  apply  Pfeitfer'a  discovery  to  the  Bacilfvs  jyyoajancus.  With  a  ra( 
of  tliis  bacillus  rendered  more  virulent  he  succeeded  in  producing 
fatal  ex])ei'imental  malady  in  the  guinea-pig  against  which  he  wi 
able  by  various  methods  to  vaccinate  these  animals. 

He  thus    describes  the  phenomena  observed  in  the  peritonei 
cavity  of  immunised  giunea-pigs.     Soon  after  injection  the  bacilli 
of  blue  pus  become  motionless,  then  ''the  rods  swell  up  and  melt, 
like  wax  in  hot  water.    Tlie  formation  of  granules,  such  as  occur  i 
the  cholera  vibrio,  iiiw  been  observed  but  nirel}'.    The  process  i"ec:i 
rather  that  which   takes   place   in   experimental   typhoid   fever, 
described  by  R  Pfeiftcr.   In  all  cases  the  jdieuomeuon  of  solution  tak 
place  entirely  in  the  fluid  of  the  exudation,  without  any  co-ojie 
tion  on  the  part  of  the  leucocytes"  (p.  2R4).     We  see  that  we  ha\'e 
still  to  do  with  a  kind  of  attenuated  PfeifFer's  phenomenon,  withouj 
any  granular  change,  but  with  an  immobilisation  of  the  bacilli. 
Wassermann   lias  remained   satisfied   with  the  examination  of  the 
peritoneal  content  which,  as  we  know,  gives  but  an  im])erfect  picture 
of  acquired    immunity,   (Iheorghiewsky^   set   himself    to   stujly   the 
<luestion  more  thoroughly  under  my  direction.    With  this  object  he 
vaccinated  a  series  oï  guinea-pigs  with  living  bacilli  of  blue  pug, 
a  sure  metiiod  of  ubt:iining  acriuired  immunity.     On  exiuniniug  the 
peiitoneal  fluid  (withdmwn  shortly  after  the  injection  of  the  bacilli) 
of  the  vaccinated  guinea-pigs,  he  found  that  the  bacilli  were  motion- 
less and  had  undergone  a  certiiin  degree  of  agglutination.    They  were 
[247]  not  transformed  into  granules  but  became  thicker  and  somewhat  more 
dumpy.    These  changes  are  observed  during  the  period  of  phago- 
lysis,  when  only  a  few  scattered  leucocytes  are  to  he  found  in  the 
fluid  of  the  i^eritoueal  Kivitj'.     About  two  hours  after  the  injection 
of  the  bacilli   the  leucocytes  begin  to  reappear  in  the  peritoneal 
exudation,  more  especiîdly  the  microphages,  which  lose  no  time  in 
seizing  tlie  bacilli,  some  of  which  become  transformed  into  gi*anules. 
A  few  hours  later  the  exudation,  containing  a  multitude  of  leucocytes, 

>  Ztntfii:/.  liyu.,  Leipzig,  1896,  Bd.  xxu,  S.  i03. 
»  Ann,  (k  Flmt.  PiuUur,  Pari»,  1899,  t.  Xin,  p.  29SL 
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no  longer  contains  any  free  bacilli:  all  are  found  inside  the  niicro- 
phage>4.  Nevertheless,  if  a  drop  of  the  exudation  now  be  withdrawn 
and  kept  for  gome  time  at  a  tempeniture  of  37°  C^  it  will  be  found 
that  the  liacilli  multiply  inside  the  dca<l  pha^sjocytes  outside  the 
animal.  We  thus  obtuin  colonics  of  bacilli,  a  fact  which  clearly 
pmverf  that  these  bacilli  whilst  still  alive  have  been  ingo.ste<.l  by  the 
leucocyte;*.  This  exjicriment  is,  therefore,  very  similar  to  the  one 
wc  have  dcscrilicd  in  connection  with  tJamaleia's  vibrio. 

Even  at  a  later  period,  24  or  30  houi-s  after  the  injection  of  the 
l)acilli,  that  is  to  say  at  a  i>eriod  when  an  examination  of  the  exu- 
dation no  longer  reveals  the  presence  of  bacilli,  the  sowing  of  a  drop 
of  this  exudation  on  a  nutrient  medium  still  gives  isolated  colonies  of 
the  Bdcillm  pi/nrijauetm  capable  of  producing  the  characteristic 
pigments.  At  a  still  later  period,  when  the  i)eritoneal  exudation 
remains  sterile,  a  post-mortem  examination  of  the  animals  enables 
one  to  recognise,  beneath  the  peritoneal  surface,  small  white  ])oint>i 
uailo  up  of  leucocytes.  The  sowing  of  these  masses  almost  invariably 
près  colonies  of  the  Bndifus  pi/orijav^n»  which  form  blue  pigments. 
We  see  from  this  account  that,  even  in  the  peritoneal  cavity  of 
TACcinuted  anintals,  raattei-s  by  no  njeans  go  on  in  a  uniform  fashion, 
u  would  appear  from  Wjissermann's  st'itements.  Some  bactericidal 
action  in  the  peritoneal  fluid  there  certainly  is,  but  it  is  quite 
transicTit,  and  is  limited  to  the  period  of  phagolysis.  The  majority 
of  tlie  Uicilli  resist  this  attack  of  the  body  fluids  to  continue  their 
»tniggle  with  the  phagocytes,  which,  however,  ultimately  get  the 
U|»i)er  hand.  In  the  subcutiineous  tissue  the  part  playeil  by  this 
phagocytic  reaction  is  still  more  general.  Oheorghiewsky  has  studied 
it  uot  only  hi  vaccinated  giiinca-pigs  but  also  in  a  goat  which  had 
received  several  largo  injections  of  the  Bacl/fujt  pijocyanm».  He 
observed  that  shortly  after  the  siibcutînicous  injection  of  these  bacilli, 
the  fluid  which  accumulates  at  the  seat  of  inocidation  renders  them  [24S] 
motionless  and  in  part  agglutinates  them.  This  fluid  is  clciir  and 
contains  a  few  leucocytes  and  a  number  of  bacilli  wliicli  still  retain 
their  usual  form.  Some  time  later  the  leucocytes  begin  to  come 
up  to  the  seat  of  inoculation  and  to  ingcnt  the  Imcitli.  At  the  end 
of  10  to  15  hours  all  the  bacteria  have  been  seized  by  the  micro- 
phages  a»d  we  no  longer  find  any  of  them  free.  A  hanging  drop 
of  this  exudation,  trans|K)rtcd  to  the  incubator,  8<x»n  swarms  with 
bacilli  which  have  sprung  from  the  organisms  ingested  by  the  leu- 
cocytes. 
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The  exudation  becomes  more  and  more  abundant  at  the  seat  of 
inoculation  and  ends  in  the  formation  of  au  abscetiâ,  from  the  contents 
of  wliich  cultures  of  the  BadJlus  ppocyaneus  may  be  obtained  for 
a  fortnight.  The  l>acilli,  however,  finally  disappear,  this  being  due 
to  the  destructive  action  of  the  phagocytes  and  not  to  that  of  the 
fluid  of  the  exu<lation. 

This  fundamental  part  played  by  phagocytosis  in  acquired  im- 
munity agîiinst  the  BacUhis  pyocyanens  has  been  confirmed  by 
(jhenrghiewsky  by  experiments  on  guinea-pigs  vaccinated  and  then 
submitted  to  the  action  of  opium.  As  in  the  anuK»gous  experiment* 
of  L'antacuzène  on  tiie  cholera  vibrio,  the  ojiium  narcosis  i-etanls  dia- 
jiedesis  and  this,  for  some  time,  increases  the  chances  of  the  bacilli. 
A  tardy  diapedetiis  and  pliafjocytosis,  no  <loubt,  is  produced  which  end» 
in  the  ingestion  of  the  bacilli,  but  the  animal  loses  its  acquired 
imnuuiity  and  finally  succumbs  in  spite  of  the  fact  that  the  dose  of 
Bacillus  pyoryaneus  was  insullicicnt  to  kill  a  control  guinea-jiig  vac- 
cinated to  the  same  degree,  but  not  submitted  to  the  action  of  opium. 

The  example  we  have  just  analysed  relates,  then,  to  a  micro- 
organism whieli  is  more  resistant  than  are  the  vibrios,  Obermeyer's 
spirilla  or  even  the  typhoid  bacillus,  to  the  action  of  the  microcytase 
whicli  has  escaped  from  the  cells  during  phagolysis.  The  Baeillm 
pyocyimens  undergoes,  in  the  fluids  of  the  vaccinated  animal,  the 
action  of  the  specific  fixative  and  can  thus  be  rendered  motionless 
and  become  agglutinatetl.  But  this  action  is  tnsufiieient  to  ensure 
immunity  and  .should  phagocytosis  not  take  place  in  time  to  ingest 
the  bacilli,  the  vaccinated  animal  .succumbs.  The  reaction  of  the 
phagocytes  is,  tliercfore,  indisjvensable  if  tlie  acquired  immunity  ii» 
to  be  eflective.  lu  this  respect  the  analogy  is  very  great  between 
the  resistance  of  the  vaccinated  animal  against  the  various  bacteria 
(vibrios,  spirochaetes,  tyjilnjid  ctK'CO-bacilli,  bacilli  of  blue  pus)  that 
we  have  so  far  studied  iu  this  chapter.  These  bacteria  have,  however, 
[2*9]  this  in  common  ; — they  are  all  endowed  with  a  considerable  power 
of  motion.  Pursuing  our  examination  of  the  principal  data  on 
acquired  inmniuity  against  micro-organisms,  we  must  now  choose 
examples  from  the  group  of  non-motile  bacilli;  amongst  the.se  we 
assign  the  first  place  to  the  micro-organism  of  swine  erysipelas.  This 
small  bacillus  has  been  the  subject  of  several  important  researches 
ou  acquired  immunity,  one  of  which  at  a  certîiin  period  aiused  quite 
a  sensation  iu  the  bacteriological  world.  Emmerich  \  iu  au  investi- 
1  Forltchr.  d.  Med,  Berlin,  1S88,  Bd.  vi,  8.  729. 
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gation  carrieil  out  in  collaboration  with  tli  Mattel,  made  an  unexpected 
announceuicnt.  He  «lid  he  believed  that  he  wîis  justified  in  atfirm- 
jiig  that  the  acquire<l  immunity  of  rabbits  against  the  baciUus  of 
Hwine  erysipelîis  is  due  to  the  formation,  in  the  fluidw  of  the  body,  of 
au  uIlti^^eptic  eubstance  which  very  quickly  destroys  this  organism. 
This  Hubistauee,  secreted  by  the  cells  of  the  vaccinate^l  animal,  was 
gupi>osed  to  act  after  the  fashion  of  a  solution  of  bichloride  of  mercury 
and  to  kill  a  large  uumlxT  of  bacilli,  introduced  subcutancously,  in  from 
1Û  to  25  miimtes.  This  discovery  was  not  confirmed.  In  a  series 
of  ex[)eriments  that  I  carried  out^  with  the  object  of  clearing  up 
ihtj*  question,  and  mmlc  under  conditions  as  favourable  as  possible 
for  the  demonstration  of  the  supposed  bactericidal  secretion,  this 
action  W51S  never  manifest<.'d.  Not  only  did  the  virulent  bacilli  of 
fwinc  erysipelas,  when  injected  subcutaneously  into  well  vaccinated 
r.d»biti4,  remain  alive  in  the  8ubcutaiieous  exudation  for  hours  and 
oven  days,  but  the  attenuated  bacilli  of  Pasteur's  vaccines  likewise 
remained  intact.  These  bacilli  when  introduced  into  the  anterior 
chamlwr  of  the  eye  survived  for  even  a  longer  period.  Here,  as 
iK-ncath  the  skin,  the  iiijectifnj  of  the  bacilli  induced  an  exudation 
rich  in  leucocyte-s,  amongst  wliich  microj)liagcs  predominated.  These 
phagocytes  at  once  began  to  seize  the  bacilli  which  were  destroyed 
not  in  the  fluid  of  the  exudation  but  within  the  leucocytes.  Long 
after  all  the  bacilli  had  been  ingested,  24  hours  and  more  after 
inixntlation,  the  sowing  of  the  exudation  frequently  gave  growths 
in  appropriate  media. 

Emmerich-  sought  by  new  experiments  to  remove  these  olyectiotis, 
but  ho  found  that  the  bacilli  of  swine  erysipehus  did  not  disappear  [200] 
from  the  vaccinated  aniiTial  until  f^ome  8  or  10  hours  after  they 
had  been  introduced.  There  is,  therefore,  no  longer  any  question 
of  a  rapid  baetcrici<lal  action  at  all  comparable  to  that  of  corrosive 
(«ublimate,  which  would  destroy  the  introduced  bacilli  in  less  than  an 
liour.  The  limit  of  8  to  10  hours,  acccpte<l  by  Emmerich,  is  still  too 
uhort  and  is  not  in  accordance  with  my  exi)eriments;  but  even  this  was 
quite  sufficient  for  the  ap])earance  of  a  free  phagocytosis,  a  condition 
that  really  occurs.  Emmerich  has  not  directed  his  researches  in  this 
direction,  and  his  theoretical  conclusions  did  not  in  the  least  weaken 
the  value  of  my  argumenta  drawn  from  the  demonstnttion  of  the 
ingestion  and  intracclhdar  destruction  of  the  bacilli  by  phagocytes. 

'  An»,  d^iliitt.  Patteur,  Puris,  lliS9,  t.  ni,  p.  289. 

«  Arch.f.  llyij.,  Miiiicbcu  u.  Leipzig,  189J,  BA  xii,  8.  273. 
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The  researches  on  immunity  aia^ainst  swine  erysipelas  then  lan- 
guished for  Houie  time,  until  tlie  discovery  of  PfeitTers  pheiionienou 
gave  a  freah  stimuhi»  to  the  study  of  this  problem.  One  of  I'feiffer's 
pupils,  Voges\  sought  to  apply  the  results  obtained  in  the  case  of 
the  cholera  vibrio  to  tlie  acquired  immunity  against  tlie  bitciilus 
of  swine  erysipelas.  He  studied  the  blood  serum  of  animals  vacci- 
nated against  tliis  Iwicillus  and  believed  himself  justified  in  affirming 
the  cxif<tence  of  an  acquired  bactericidal  power.  Under  no  con- 
dition, however,  did  he  observe  anything  comparable  to  Pfeifler's 
phenomenon,  and  lie  was  compelled  to  admit  that  tlie  bactericidal 
action  of  the  serum  is  very  feeble  and  only  takes  eftect  on  young 
bacilli  whose  membranes  are  as  jet  very  delicate  and  not  very 
resistant-  Mesnil-  repeated  these  researches  in  my  laboratory,  but 
his  results  were  very  diBerent  from  those  obtiiiiicd  by  Voges.  The 
blood  serum  of  rabbits,  fully  vaccinated  against  the  Imcillus  of  swine 
erysii>ela.s,  provetl  to  be  a  good  culture  medium  for  this  bacillus,  and 
jNIesnil  affirms,  as  the  result  of  numerous  well-established  obser- 
vations, that  "m  vitro,  the  serum  of  rabbits  immunised  against  the 
erysipelas  has  no  liactericidîd  power  or  a  very  insignificant  one."  On 
the  other  hand,  the  same  fluid  had  a  very  marked  agglutinative 
power.  The  bacillus  of  swine  ci-ysipelas,  being  non-motile,  does  not 
present  the  abrupt  change  that  is  observed  in  vibrios  or  in  tbe 
typhoid  bacillus  when  submitted  to  the  influence  of  specific  scrums — 
under  which  conditions  these  organisms  at  once  lose  their  motility. 
But  the  bacilli  of  ^\s\\w  erysipelas,  wlien  introduced  into  the  specific 
serum  of  vaccinated  animals,  run  together  into  masses  which  become 
[251]  more  and  more  voluminous  and  fall  to  the  bottom  of  the  vessel, 
leaving  a  lim]iid  supernatant  tluid.  When  this  bacillus  is  sown  in 
the  serum  of  vaccinated  animals,  it  is  seen  to  develop  in  the  form 
of  chains,  composed  of  a  large  number  of  segments,  which  fall  to 
the  bottom  of  the  tulK\  These  bacilli,  however,  whether  agglutinated 
or  developed  in  chains,  never  show  any  attenuation  in  virulence. 
When  the  serum  which  bathes  them  is  got  rid  of  by  washing,  they 
are  just  as  virulent  as  are  the  bacilli  developed  in  the  serum  of 
normal  unvaccinated  rabbits.  It  is  important  to  show  that  this 
virulence  is  kept  up  in  6|>ite  of  the  fact  tiiat  the  iKieilli,  when  placed 
in  contact  with  tbe  serum  of  immunised  animals,  become  jienneHted 

*  Ztschr.  f.  Hug~,  Leipzig,  ls96,  BiL  xxn,  S.  515;  DeuUche  med.   fVehntchr., 
Leiiwig,  1898,  S.  49  ;  ZUchr.f.  Ifpg.,  Leipzig,  1898,  Bd.  xxvm,  S.  38. 
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with  the  specific  fixative,  as  sliown  by  the  experiments  of  Bonlet 
ttbd  Gengou^  These  observers,  indeed,  ]tave  deiuonstnttcU  that  the 
bacilli  of  serine  erysipelas,  when  kept  for  24  hourt*  in  tiie  specific 
serum  heate»!  to  ôô"  C,  af(|uire  the  property  of  absorbing  the  cytases 
couuUned  iu  the  unheatcd  serum  of  uoruial  animals. 

The  study  of  acquired  immunity  against  the  bacillus  of  SMine 
erviiipchw  teachcM  us  that  ti>is  immunity  is  not  due  to  any  extra- 
cellular destruction  companible  with  Pfeitfer's  phenomenon  ;  and  that 
this  immunity  causes  the  production  of  a  specific  fixative  and  of  a 
specific  agglutinative  substance,  whose  action  on  the  resistance  of  the 
animal,  to  judge  from  the  complete  virulence  of  the  bacilli  when 
agglutinated  and  impregnated  by  fixative,  is  feeble  or  nil.  It  is 
the  phagocytic  reaction  which  is  don)iuaiit  in  the  iiimninised  animal» 
and  which  brings  aliout  the  iatnieelliilar  destruction  of  the  bacilli. 

The  history  of  the  anthrax  bacillus,  another  representative  of  the 
group  of  uon-motile  bacilli,  is  particularly  interesting,  the  more  so 
that  for  some  time  the  researches  ou  acquired  immunity  have  been 
ctmcentrated  almost  entirely  on  the  analysis  of  the  facts  observed 
in  aiiinials  that  have  been  vaccinated  with  the  two  PjLSteur  vaccines. 
In  this  way  a  large  number  of  valuable  facts  have  been  collected; 
of  tliese  the  more  important  may  be  presented  to  the  reader. 

la  my  first  work  on  this  subject-  1  called  attention  to  the  fact 
that  in  the  rabbit  vaccinatt^I  against  anthmx,  the  bacilli,  when 
inoculated  subcutaiieously,  soon  become  the  prey  of  leucocytes  which 
accumulate  at  the  spot  menaced.  In  the  laivaccinated  control 
rabbits,  however,  the  anthrax  bacilli  remain  in  a  free  state  iu  the 
flui«l  of  the  subcutaneous  exudation,  only  a  few  isolated  rods  being  [202] 
found  inside  phagocytes.  I  have  since  been  able  to  confirm  this 
fact*,  which  must  now  be  reganled  as  fully  established.  In  the 
vaccinated  rabbits  the  leucocytes  exhibit  a  verj'  marked  positive 
chemioUixis  against  the  anthrax  bacilli,  whilst  in  normal  unvacci- 
uutetl  rabbits  the  chemiotaxis  of  the  leucocytes  in  the  anthrax  of 
the  subcutaneous  tissue  is  distinctly  negative.  When  a  small  quantity 
of  antlirax  culture  is  inocuhited  subcutiuieously  into  vaccinated  and 
into  unvacciuatcd  rabbits  tliere  may  be  observed,  even  within  a  few 
hours,  a  very  great  dillerence.  In  the  former  there  is  found  at  the 
seat  of  inoculation  an  infikratiou  which  swanus  with  leucocytes 

•  Ann.  lie  F  Inst.  Ptmtrur.  Paris,  1901,  t  xv,  p.  i9&, 

*  Virchoir't  ArcJiir,  Berlin,  iSM,  Bd.  xovil,  S.  502. 
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in  tlie  act  of  devounnc  bacilli.  In  the  normal,  susceptiWle  rabbit, 
on  the  other  hantl,  the  exudutiuii  proiliiced  is  soft,  rich  in  fluid,  and 
yery  poor  iu  leucocytes.  The  vessels  iu  the  vicinity  are  distended  witli 
blood,  and  the  fact  that  the  leucocytes  do  not  come  up  to  the  seat  of 
iniicidatioii  is  iu  no  way  <lue  to  the  absence  of  vascular  dilatation 
which  might  prevent  diaivedesis.  The  vessels  are  much  more  dilated 
than  in  the  vaccinated  rabbit,  and  yet  in  the  latter  the  emigration  is 
incompanibly  greater.  Tltis  essential  difference  must  be  attributed 
to  the  sensitiveness  of  the  leucocytes,  which  exhibit  a  negative 
cheniiotaxis  in  the  normal  rabbit  but  a  very  marked  positive  chemio- 
taxis  in  the  vaccinated  rabbit 

It  has  been  shown  repeatedly  that  the  subcutaneous  exudation, 
very  rich  in  leucocytes  which  have  had  time  to  ingest  all  the  bacilli, 
when  inoculated  into  guiaea-i>igs,  ensures  the  appearance  in  them 
of  a  genei'alised  and  fatal  anthrax  ;  this  affords  evidence  that  the 
phagocytosis  is  exercised  against  virulent  and  tlicrefore  living  bacilli. 
Marchoux^,  in  Roux's  laboratory,  luia  carried  out  numerous  experi- 
ments ou  the  vaccination  of  rabbits  and  has  observed  that  the 
inoculated  anthrax  bacilli  cause  un  exudation  very  rich  iu  leucocytes, 
and  that  these  cells  ingest  and  destroy  the  bacilli.  The  phagocytes 
easily  rid  the  refractory  animal  of  the  bacilli  in  the  vegetative  state, 
but  the  spores  are  much  more  resistant.  After  being  devoured  by  the 
leucocytes  they  may  remain  inside  them  for  months  without  germinat- 
ing. Marchoux  obtained  cultures  of  anthrax  from  the  siibcutaneouB 
exudation  tîiken  from  vacciu:ited  rabbits  7(i  days  after  inoculation. 
The  fact  that  the  bactericidal  action  of  the  blood  scrum  on 
[253]  anthrax  bacilli  is  specially  well  marked  in  the  rat,  suggested  the 
idea  of  trying  to  obtain,  in  this  rodent,  an  augmentation  of  this 
property  as  a  result  of  vaccination.  Stnvtclieuko'  attempted  to  do 
this  in  an  investigation  already  cited  in  Chapter  VI,  carried  out  in 
ray  laboratoiy.  He  succeeded  in  thoroughly  vaccinating  white  rats 
against  vindent  anthrax  and  in  showing  that  the  blood  serum  of  these 
animals  rendcretl  refractory  "  is  bactericidal  in  the  same  degree  as  that 
of  non-immunised  rats."  In  the  vaccinated  nits  "the  subcutaneous 
exudation  was  as  free  from  bactericidal  substances  as  was  the  lymph 
of  the  control  auitnals."  Sawtcheuko  was  unable  to  demonstrate  any 
increase  of  bactericidal  power  except  in  the  peritoneal  cxu<lation  of 
rats  vaccinated  by  injection  of  cultures  into  the  peritoneal  cavity. 

1  Aiiit.  i/c  I J  unit.  Ptuteur,  Paris,  1895,  L  ix,  p.  805. 
*  Ann.  de  FIruL  Patteur,  Pari<^^)^7,  t  xx,  p.  881. 
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In  spite,  however,  of  the  ahsence  of  any  increase  in  the  bacteri- 
cidal property  of  the  hlood  serum  and  of  the  subcntaneons  exudation 
in  vaccinated  rats,  the  cell  reaction  obtained  in  them  is  very 
different  from  that  met  with  in  normal,  susceptible  rats.  In  a  verj' 
short  time  (3  to  5  hours)  after  the  subcutaneous  injection  of  anthrax 
bacilli  into  the  control  rats  (fiusceptible),  an  evident  oedema  is 
produced  ;  in  the  vaccinated  rat  there  is  none.  The  exudation, 
not  very  abundant  in  the  latter,  already  contains  a  number  of  leuco- 
cytes which  arc  actively  phagocytic,  whilst  in  the  control  animal, 
examineil  simultaneously,  "leucocytes  are  rarely  met  with,  and  few 
of  them  contain  bacilli."  Later,  the  difference  becomes  8till  more 
marked.  Pronounced  oedema  occure  in  the  control  animal,  it  is  poor 
in  leucocytes  but  rich  in  bacilli,  which  continue  to  multiply;  but 
"in  the  immunised  rat,  we  find  not  a  clear  exudation  but  a  thick  and 
pundent  fluid,  full  of  leucocytes."  These  cells  devour  all  the  bacilli  ; 
not  a  single  one  remains  free.  "  Even  after  14  hours  bitcilli  ingested 
by  the  leucocyten  are  present  and  a  culture  of  anthrax  bacilli  may  be 
obtained  from  fluid  t^ikcn  from  the  seat  of  inoculation.  Further, 
guinea-pigs  or  rats,  when  inoculated  with  a  drop  of  this  exudation 
l^which  contains  no  anthrax  siwres),  succumb  to  anthrax." 

Even  before  these  researches  on  the  inmiunity  of  rats  had  been 
carried  out,  an  attempt  had  been  made  to  gain  some  idea  of  the 
differences  presented  by  the  vaccinated  fluids  of  animals  as  compared 
with  those  presented  by  the  fluids  of  control  animals  susceptible  to 
anthrax.  In  1886  I  was  able  to  demonstrate^  that  the  anthrax  [25*] 
ba<-illus  develops  abiuidantly  in  the  dcfibrinated  bloo<l  of  sheep  that 
had  ae«juire<l  inununity  as  the  result  of  vaccination  by  Pasteur's 
method.  When  these  bacilli  contain  spores  and  are  inoculated  into 
rabbits  they  rapidly  pn»ducc  a  fatal  antiirax;  but  when  no  spores 
are  present  the  injection  of  Ixicilli  does  not  j)roduce  a  fatal  disease, 
and  such  infection  is  well  supported  by  the  rabbits.  From  this  I 
(.■«included  at  that  time  that  the  anthrax  bacillus  must,  in  the  blowl 
of  the  vaccinate<l  sheep,  undergo  a  real  attenuation  in  virulence,  an 
inter|>retation  which,  as  will  be  seen  in  the  next  chapter,  was  found 
to  be  erroneous. 

Xuttall-  showed  that  the  defibrinate<l  blood  of  refractory  sheep 
acted  as  a  nutrient  medium  for  the  anthrax  bacillus.  Making  com- 
fiamtive  investigations,  by   the  plate  method,  on   the  bactericidal 

*  Ann.  d«  f/iiet.  Panteur,  PniiB,  1S87,  t.  I,  p.  42. 

*  ZUehr./.  Hyg.,  lf«ii>zig,  188s,  BA  iv,  8.  S-W. 
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power  of  the  blood  of  vaccinated  and  normal  sheep,  he  observed  tliat, 
iu  both  cases,  there  was,  «it  first,  a  certain  decrease  in  the  number  of 
bacilli  sown,  more  marked  iu  the  blood  of  the  vaccinated  than  in 
that  of  the  control  aniniuli^.  Nevertheless,  8  hours  after  tlie  oom- 
uieneement  of  the  experiment  the  anthnix  bacteria  had  iiroduced 
iununierablc  bacilli  in  the  blood  of  tiie  refractory  sheep.  NutUill 
satisfied  himself  tliat  thia  feeble  bacterici<lal  i)Ower  was  not  to  be 
compared  with  the  very  much  greater  power  of  the  blood  of  the 
rabbit,  au  animal  specially  susceptible  to  imthntx. 

More  recently  the  i)ro])ertiea  of  the  serum  of  sheep  which  have 
been  vaccinated  uguinst  anthrax  have  been  studied  veiy  carefully  by 
Sobernheim'.  He  also  was  able  to  show  that  tliis  serum  allows  of  an 
abundant  development  of  the  bacillus,  and  that,  outside  the  animal, 
it  does  not  exercise  any  more  ajiprcciuble  bactericidal  power  than 
does  the  serum  of  tlie  normal  sheep.  The  serum  of  the  best  vacci- 
nated sheep  was  found  to  \y.}  iiiaipuble  of  destroying  even  very  small 
quantities  of  anthmx  bacilli.  The  only  change  that  Sobernheim  could 
make  out  was  with  regard  to  the  thickening  of  the  bacterial 
membrane.  This  modification,  however,  was  not  constant  and  could 
not  be  seen  iu  the  serum  of  cert^iiu  vaccinated  sheep. 

The  eeruai  of  the  sheep  vaccinated  by  Sobernheim  exhibited  no 
[255]  increase  of  agglutinative  power  as  regards  virulent  bacilli.  Gengou-, 
however,  made  it  clear  that  repeated  injections  of  cultures  of  the 
first  vaccine  of  Pasteur  into  dogs  proiluccd  a  marked  augmentation 
of  this  agglutinative  jiower  ;  but  it  was  only  produced  when  the 
attenuated  bacillus  was  used.  The  virulent  anthmx  bacillus,  de- 
veloped as  isolated  rods,  was  not  att'ccted  in  the  least  by  serum 
that  was  highly  agglutinative  for  the  bacillus  of  the  first  vaccine. 
Gengou  al^^o  made  the  converse  oxperiuieut  with  the  serum  of  a 
dog  into  wtiich  he  had  previously  injected  a  number  of  virulent 
anthrax  bacilli.  The  dog,  naturally  refractory  to  anthrax,  resisted 
the  inoculation  perfectly,  but  its  serum  did  not  acquire  any 
agglutinative  power  against  the  first  vaccine.  He  coucluded 
therefrom  that  "the  part  played  by  agglutinins  in  the  defence  of 
the  animal  must  be  regarded  as  extremely  problematical"  (p.  3JJ9). 
On  the  other  hand  the  phagocytic  reaction  iu  the  vaccinated  sheep 
is  always  very  pronounced  and  constiiut  Von  Behring",  in  one  of  his 

»  Zttehr.f.  Hyg.,  Leipzig,  1899,  lid.  xxxi,  S.  89. 

*  Arch.  inlernaL  di  Fharmacodifn.y  Gand  et  Pari»,  1899,  Vol.  vi,  pp.  303,  338. 
'  " Infoctionsâchutz  und  Iniinuiiitat"  in  Euionburg's  "HvaUKiicyoluiMidie  d.  ges. 
Heilkundo,"  in'"  Aufl.  {Euajdop.  Jalirbiicher),  Wien,  1900,  Bd.  ix,  S.  202. 


recent  publications,  expresses  the  opinion  that  this  example 
■"rcquired  immunity  must  l)e  placed  in  the  category  of  phagocytic 
immunity. 

lu  the  group  of  bacilli,  several  examples  of  which  we  have 
studied,  the  typhoid  lm.cillu.s  apiiroaches  still  more  closely  to  the 
vibrios  and  spirilla  in  its  relation  to  humoral  properties.  Here 
may  be  til>ierve<l  a  kind  of  attenuated  PfeifTer's  phenomenon  and 
somewhat  profound  modifications  takinu;  place  under  the  influence 
of  the  serum  of  vaccinated  animals.  The  Bav/'fluji  jnjociiancns  is 
more  resiistant  to  the  injurious  influence  of  fluids  taken  from  im- 
munised animals.  This  resistance  is  still  more  marked  in  tlie  bacillus 
of  Hwine  erysipelas  and  again  still  greater  in  the  anthrax  bacillus. 
Whilst,  however,  these  properties  of  the  fluids  of  the  body  are  found 
to  be  very  variable  and  of  unequal  power,  the  phagocytic  reaction 
is  constiuitly  manifested  and  always  very  activelj'.  The  leucocytes 
^•hich,  in  susceptible  animals,  exhibit  a  very  marked  negative  chemio- 
taxi»  or  only  a  tardy  and  incomplete  positive  chemiotaxis,  have, 
in  the  vuccinated  animal,  this  positive  susceptibility  developed  in 
a  rery  high  jlegree. 

Before  quitting  the  grouj)  of  bacteria  we  must  cast  a  glance  at 
the  incch-mism  of  aapnrcd  immunity  against  representatives  of  the  [256] 
group  of  spherical  micro-organisms.  Amongst  the  cocci  the  strepto- 
c«xx;i  have  l)een  esi)ecially  studied  as  regards  this  inmnmity.  For 
long  great  dilliculties  were  encountered  in  vaccinating  animals 
against  these  chain  cocci,  but  Roger  "^j  Marmorek-,  Denys  and  Leclef 
orercanie  these  obstacles  and  succeeded  in  immunising  the  rabbit, 
one  of  the  most  susceptiljle  species,  to  their  pathogenic  action. 
More  recently  the  larger  mummals,  notably  the  horse,  have  been 
itiOcej«sfully  innnnnised.  A  certain  number  of  important  facU».  the 
knowledge  of  which  is  useful  to  complete  the  survey  of  the  pheno- 
mena of  acquired  immunity,  have  thus  been  collected. 

Hoger  set  liimsclf  t<j  study  the  properties  of  the  blood  serum 
of  rabbits  vaccinated  against  the  strejtUjcoccus,  and  estJiblished 
the  fact  that  this  fluid  had  not  the  slightest  appreciable  bacteri- 
cidal ac^on  ;  the  streptococcus  grew  in  it  just  as  well  as  in  the  serum 

»  Compt  rtn4.  Sne,  de  biol.,  Paris,  1891,  p.  538  ;  189Û,  pp.  124, 224  ;  BâV.  de  mfd. 
Fwb,  1892. 

»  Attn  de  tln$t.  PatUur,  Paris,  189Ô,  t  U,  p.  693. 

•  La  CeUuU,  Lii-rre  ct  Louvaiu,  1895,  i.  xi,  p.  175  ;  BulL  Acad.  roy.  da  mid.  dr 
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of  fresh  uTivaccinatefl  rabbits.  \V1ien,  liowever,  he  injected  cultures 
grown  in  the  serum  of  iromunised  animals  into  rabbits,  th&»e  rabbits 
Hid  not  die  and  presented  only  transient  and  insignificant  lesions. 
Fmm  thin  fact  lloger  concluded  that  there  must  be  an  attenuation 
of  the  8trc'i»tococcu8  by  the  immune  serum,  a  view  which  wa.s  share<l 
by  several  other  observers.  In  formulating  this  view,  however,  he 
hu<l  not  taken  into  account  the  possibility  that  this  serum  acted  not 
upon  tlic  coccus  that  had  develofjed  in  it  but  upon  the  organism 
of  the  animal  into  wliich  it  was  injected.  Bordet^,  indeed,  was  able 
to  show  that  the  streptococcus  which  grows  in  the  serum  of  im- 
munised uniniiils  is  in  no  way  weakened  in  virulence.  When  he 
took  a  race  very  virulent  for  the  rabbit  (Marnioreks  streptococcus) 
and  itiJL'ctetl  a  iiiiuinial  thise  of  a  culture  grown  in  the  serum  of 
imniiini.sed  iinttnals,  the  rabbits  died  just  as  did  tiie  control  animals, 
bci-Jiuse  tiie  anitiunt  of  senim  introduced  was  too  small  to  esert 
any  indnence.  So  also,  when  lie  filtered  this  culture  and  got  rid 
of  the  serum  bathing  the  streptococci,  it  was  found  to  be  just  as 
[M7]  virulent  as  that  grown  in  tiie  scrum  of  susceptible  unvaccinated 
animals. 

In  confirmation  of  the  di.scovery  made  by  Roger  with  the  serum 
of  vaceinate<l  rabbits,  Bordct  sliuwed  that  the  blood  serum  of  horses 
highly  iinuiunised  against  the  sti-eptococcus  did  not  exhibit  any 
bactericidal  action.  Moreover,  he  found  that  this  serum  caused  the 
devcUtpment  of  somewhat  agglutinated  streptococci  and  that  it  Mraa 
ca|)able  of  throwing  streptococci  grown  on  the  onlinai-y  media  into 
c]um])s.  Summing  up  his  researches  on  the  proiwrties  of  this  serum 
Bordet  concludes  that  it  "causes  no  profound  change  in  tlie  strepto- 
coccus. Tl>e  vegetative  character  of  the  coccus  is  not  appreciably 
diminished,  and  its  mor[>hology  remains  the  same  save  for  certain 
variations  in  the  length  of  the  cliains.  Even  the  agglutinative 
power,  recognised  in  uunterous  serums  by  recent  researches,  is,  in 
the  antistreptococcic  serum,  developed  but  slightly''  (p.  196\ 

More  recently  von  Lingelsheim-  has  stuiUed  the  properties  of 
the  serum  of  animals  which  he  had  thoroughly  vaccinated  against 
the  Btrept»)coccus.  He  observed  a  certain  slowing  of  the  development 
of  tljc  coccus  in  this  serum  as  compared  with  the  growth  in  cultures 
uuide  in  the  serum  of  normal,  susceptible  animals.    But  this  re- 

>  Ann.  d*  ilntt.  FaiUut;  Paris,  1897.  t  xi,  p.  194. 

■  ArrA.  intn-Mat.  d«  Phamuioodyn^  Gaud  et  Paria^  1899,  VoL  vi,  jn.  73  ;  Bahringr** 
'♦  Beitr.  s.  exiwrim.  Thérapie,'  1899,  Bd.  L 
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latinn  was  slight   and   trausieut,  and  exhibited  itself  cs|>eciaily 
aenmis  to  which  von  Liugelsheim,  following  Deuys,  had  added 
leucficjtes. 

Vou  Lingelsheiui  also  noted  a  certain  degree  of  agglutination 
the  streptococcus  by  the  t^erum  of  vaccinated  animals,  although 
US  was  much  more  feeble  than  in  the  case  of  the  cholent  vibrio 
or  the  typhoid  bacillus,  when  agglutinated  by  their  corresponding 
sertuns.  Speaking  generally,  he  regarded  the  direct  action  of  the 
body  fluids  as  insufficient  to  bring  about  the  mpid  destruction  of 
the  8treptoci>cci  iu  the  vaccinated  org-anism.  "Since  the  action 
of  tile  Ixictericidal  tsubi^tances  is  limited  in  time,  the  streptococci 
are  able  to  adapt  themselves  to  these  substunces  and  recover  their 
former  energy.  As  the  phenomena  of  extnicellular  solution,  of  such 
u  form  as  those  observed  under  the  influence  of  the  cholera  anti- 
bodies, are  absent  in  the  case  of  the  streptococcus  and  as,  on  the 
other  hand,  a  considenible  ingestion  of  these  orgaiusms  by  the  leuco- 
cytes is  obscrvetl we  must  seek  in  the  activity  of  these  cells 

a  second  important  element  of  the  defence  of  the  animal  organism  "  ['^^^l 
(p.  78). 

To  SalimbeniS  who  has  carried  out  in  my  laboratory  an  in- 
vestigation ou  this  subject,  we  are  indebted  for  the  most  reliable 
inforaiation  on  the  phagocytic  reaction  iu  acquired  immunity  against 
the  streptococcus.  He  studied  specially  the  phenoiueua  in  the  sub- 
cutaneous tissue  of  a  horse,  hypervaccinated  against  Marmoreks 
streptococcus  ;  this  animal  received  in  all,  at  several  injections,  about 
five  litres  of  living  culture.  In  spite  of  this  refractory  condition, 
«n  oedema  at  the  point  of  inoculation  was  soon  produced  ;  iu  this 
the  micro-organisms  remained  free  and  the  leucocytes  were  sparse. 
Bnt  the  cellular  reaction,  at  first  insignificant,  developed  with 
great  rapidity  and  many  leucocytes,  amongst  which  the  macro- 
phage.^ were  much  the  more  numerous,  were  attracted.  The  phago- 
cytosis was  still  delayed  for  some  time,  but  it  continued  to  inci*eiise 
and  20  to  24  hours  after  the  inoculation  it  was  complete.  As 
WOO  as  the  phsigocytosis  was  well  established  the  oedema  began 
to  disappear.  In  the  thick  exudation,  containing  a  mass  of  leuco 
cyte»,  the  macrophages  are  filled  with  a  very  large  nunilj»er  of 
streptococci  packed  together.  These  cocci  develop  inside  the  cells, 
«iu!<e  them  to  burst  and  again  become  free.  A  fresh  arrival  of 
iLucocytes,  however,  takes  place,  this  time  mainly  micropiiages. 
'  An»,  dé  rintl.  PatUur,  Paria,  1898,  t  zn,  p^  Ii>2. 
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These  niicrophages  seize  the  free  streptococci  that  have  HtmcgleJ 
80  victoriously  against  the  inacrophages  ;  this  second  piiagocytic 
phase  is  final.  The  streptococci  still  remain  alive  inside  the  niicro- 
phages for  some  days,  but  ultimately  are  killed  and  digested  by 
the  phagocytes.  At  a  itcriod  when,  5  or  G  days  after  injection, 
insigniiicant  or  isolated  tracea  of  streptococci  are  to  be  found  in 
the  micropliages,  the  exudation  when  sown  in  nutritive  media  still 
gives  abundant  cultures.  The  incidents  of  this  struggle  between  the 
streptococcus  and  the  animal  organism  demonstrate  the  important 
part  played  by  the  phagocytes.  The  fact  that  the  macrophages 
perish  and  allow  the  cocci  to  escape,  clearly  proves  that  tliese  cocci 
have  been  ingested  alive  and  virulent,  and  consequently  that  the 
fluid  of  the  exudation  was  incapable  of  ilestroying  or  even  of 
attenuating  tliem.  The  macrophages,  also,  were  iiowerless  to  bring 
[259]  about  this  result  and  tlie  intervention  of  the  niicrophages  was 
necessary  to  cause  the  disa])[iearance  of  the  cocci.  It  is,  however, 
always  the  phagocytes  which  ensure  the  final  resistance  of  the 
animal. 

In  presence  of  these  very  precise  results  obtained  from  the  work 
of  Salinilicni,  a  work  which  I  followed  very  closely,  the  previous 
researches  by  Denys  and  Leclef  (^.c)  made  under  less  favourable 
conditions  on  vaccinated  rabbits  are  deprived  of  their  importance. 
These  observers  wished  to  get  an  idea  of  the  diftcrence  between  the 
reactions  of  the  animal  organism  f<i)  after  the  injection  of  streptococci 
into  the  pleund  cavity  of  iniiuunised  nibbits,  an<l  \b)  after  injection 
into  that  of  normal  susceptible  rabbits.  They  killed  the  inoculated 
animals  an<l  found  a  very  marked  diminution  of  micro-organisms  in 
the  pleuritic  exudation  of  the  fomier.  This  diminution  could  not  be 
attributed  to  a  lysis  of  the  streptococci  by  the  body  fluids,  because 
there  were  never  any  signs  of  such  destruction.  Nor  could  the 
phagocytosis,  very  feeble  at  first,  be  cunsidcred  as  the  cause  of  the 
disappeamnce  of  a  large  number  of  the  streptococci.  Denys  and 
Leclef  put  forward  a  third  hyjMjthesis,  which  attrilnited  this  dis- 
appearance to  the  rajiid  resorption  by  the  lymph  stream  of  the 
injected  fluid  contidning  the  organisms.  Going  over  the  record  of 
their  experiments  it  will  be  seen  that  in  vaccinated  rabbits  the 
quantity  of  pleuritic  exudation  was  always  very  much  less  than  in 
normal  rabbits.  In  presence  of  this  feature  there  is  reason  to  ask 
whether,  in  the  case  of  the  strejitococci,  a  large  number  of  these 
organisms  were  not  fixed,  along  with  the  leucocytes,  on  the  walls  of 
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the  pleura,  as  in  guinea-pigs  tliat  are  inoculated  intra-poritoncnlly? 
Instead  of  being  satisfie<l  witli  merely  examining  the  fluid  exudation, 
the  surface  of  the  pleura  should  have  been  scraped  in  order  to  ascertain 
■whether  the  phagocytic  rejiction  wsis  localised  in  this  region. 

In  any  case  such  inconijjlete  result»  on  the  active  inmiunity  of 
nibbits  in  no  way  weaken  the  positive  results  obtained  in  the  sub- 
ciiUineous  tissiie  of  the  horse,  in  which  the  phagocytic  reaction  plays 
a  really  preponderant  part. 

This  example  of  the  streptococci  completes  our  aeries  of  bacteria 
in  which  we  have  studied  their  relations  with  the  properties  of  the 
animal  organism  that  hiis  acquired  innnunitj'.  We  have  still  to  see 
whether  the  acquired  immunity  against  micro-organisms  of  animal 
origin  ifl  subject  to  the  same  law  as  that  against  bacteria. 

For  some  years  past  a  zealous  study  of  the  infectious  diseases  pro- 
duced by  animal  micro-orgivnisms  has  been  carrie»!  out.  Besides  [260] 
malaria,  which  occupies  a  most  important  poj^ition,  attention  has  been 
«lirecteil  to  certain  diseases  in  domestic  animals  that  are  set  up  by 
endoglobular  haematozoa  and  by  flagellata,  and  a  fairly  large  number 
of  accurate  datti  have  been  collected  M-ith  regai'd  to  Texas  fever  and 
its  parasite  the  Piroplnsina  bigrmiuiim,  as  well  as  ii\H}n  the  epi- 
Kootic  diseases  due  to  Tn/panosomftta  (Tsetse  fly  disease  or  Nagana, 
"Dourine,"  etc.). 

We  arc  indebted  to  Smith  and  Kilborne  '  for  the  earliest  infonna- 
ticMi  concerning  the  acquired  immunity  of  Bovidac  against  Texas  fever. 
R.  Koch^  then  added  some  very  precise  observations  on  the  immu- 
nity of  csdves  which  had  been  inoculated  with  parasites  attenuated  in 
the  body  of  the  tick  (Boitphihis  bovts).  Lignieres^  who  devoted 
much  attention  to  this  ([uestiim  in  the  Argentine  Kepublic,  has  dis- 
covered a  sure  method  of  vaccinating  the  Bovidae  against  the 
"Tristcza,"  the  local  name  for  Texas  fever.  He  brought  to  Alfort 
Hpecimens  of  attenuated  haematozoa,  and  in  Xocard's  presence 
I)erfomie<l  successful  vaccination  experiments.  Lignières  is  now 
engaged  in  devising  a  practical  method  of  ensuring  immuruty  under 
the  special  conditions  found  in  the  home  of  the  "Tristeza,"  Up  to  the 
present,  however,  tiiere  arc  no  sufficient  data  as  to  the  mechanism  of 

•  BiiUeiin  No.  1,  Bureau  (if  Animal  Indiutry,  U.S.  Dtp.  qfÂçric,  Wiisliington, 
1893 

»  "  Reiscbcricht  ubor  Uinderpest  etc.,"  Berlin,  IS98. 

»  Rte.  de  mid.  tit^  Taris,  juillet,  1900,  and  Ann.de  ClmL  PaiUur,  Parii,  1901, 
L  XT,  p.  121. 
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the  acquired  immunity  in  this  case.  We  Jiave  fuller  information  as  to 
the  essential  pheuoinena  observed  in  the  organism  of  the  rat  vacci- 
nated against  Tryjxtnmtnna  leirisL  We  owe  to  Mmc.L.  Rabinowitsch 
and  Dr  Kempncr*  tlic  fii-st  important  data  as  to  the  possibility  of 
innnnnising  white  or  pieUxld  rats  against  the  disease  protluced  by  the 
flagellated  infusorian.  They  noted  that  these  animals  when  inocu- 
lated with  the  blood  of  grey  rats  coiitainiug  TnjpanosonuUa  acquire 
a  verj'  tnmsitory  disease  which,  however,  cuiifers  an  immmiity  against 
any  subsequent  infet-tion.  The  flagellated  organisms  disappear  fi-om 
the  blood  within  a  few  weeks,  after  which  fresh  injections  of  these 
panisites  have  no  patliogenic  eflcct. 
[261]  Lcvvemn  and  Mesnil-  confirmed  these  observations,  and  in  ad- 
dition made  careful  observations  on  the  mechanism  of  this  acquired 
immunity.  After  making  several  inoculations  with  blood  contiuning 
Trypanosomatft  into  white  rats,  they  made  a  study  of  the  properties 
of  the  bhiod  serum  of  these  immunised  animals.  Fii-st  they  esta- 
blished the  fact  that  this  serum  exerts  no  microbicidal  action  ou 
the  Tnjpanosoimtta,  but  it  agglutinates  them  witiiout,  however, 
rendering  them  motionless: — "The  masses  may  be  resolveil  into 
rosettes  in  which  the  Trffpanosomafa,  united  merely  by  their  poste- 
rior extremities,  have  their  flagella  free  and  motile  at  the  jwripliery." 

Ijîivenin  and  ilesviil  then  studied  the  phenomena  evolved  in  the 
refractory  organisn».  When  injected  into  the  peritoneal  cavity  of 
immunised  rats  the  Tri/pauosoinato  are  not  acted  upon  injuriously  by 
the  body  fliii<ls.  They  are,  however,  devoured  by  the  leucocytes. 
Lavcran  and  Mesiiil  thus  express  themselves  on  this  subject  :  "...we 
have  demonstrated  clearly  and  rejieatedly  that  the  Trt/panosomata 
are  ingested  alive,  perfectly  isolated  and  very  motile,  by  phagocytes, 
and  we  have  followed  the  details  of  this  process  of  ingestion  which 
recalls  that  of  the  ingestion  of  spirilla  by  the  leucocytes  of  the 
guinea-pig.  We  consider,  therefore,  that  the  innnnnity  is  phagocytic 
in  character." 

The  main  facts  on  acquired  immunity  established  in  connection  with 
the  most  diverse  micro-org-anisms,  facts  just  descrilied,  may  already  be 
said  to  lead  to  certain  general  conclusions.  They  indicate  in  the 
first  place  that  acfpiired  immunity  is  accompanied  by  phenomena 
more  eon\plic-ated  tlian  those  observed  in  natural  itntnmiity.  In  the 
two  ciitegorics  of  processes  observed  in  acquired  immunity  the  pha- 

>  Ztschr.f.  Htfg.,  Leipzig,  1899,  Bd.  x.vx,  8.  2.51. 
*  Ann.  dc  I'Intt.  Patteur,  Paris,  litOl,  t.  xv,  p.  673. 
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gocytic  reaction  is  the  only  one  that  can  be  said  to  be  constant  We 
find  it  in  those  example  in  which  the  influence  of  the  fluids  of  the 
body  is  most  manifest,  as  in  the  experimental  cholera  peritonitis  of 
the  guinea-pig,  as  well  as  in  those  cases  where  the  humoral  action  is 
most  feeble,  as  in  anthrax  or  in  the  Trypanoaoma  disease  of  rats. 
We  have,  however,  still  to  establish  the  relations  that  exist  between 
phagocytosis  and  the  part  played  by  the  fluids  of  the  immunised 
animal,  in  order  that  we  may,  as  far  as  possible,  present  a  general 
picture  of  the  inner  mechanism  of  acquired  immunity  against  micro- 
organisms. To  attain  this  result  we  must  place  the  reader  in  posses-  [262] 
sion  of  further  well-established  facts,  and  we  must  postpone  its 
discussion  to  the  following  chapter,  which  will  be  entirely  devoted 
to  the  above-mentioned  problem. 


THE  MECHANISM  OF  ACQUIRED  IMMUNITY  AGAINST 
MICRO-ORGANISMS 


Cytaseg  and  fixatives. — Only  the  latter  are  aug^mented  in  the  itnniunised  organism. — 
Properties  nf  the  fixatives. — Ditfereiice  between  tliem  and  tlie  agghitinntive 
substances. — The  part  played  hy  the  latter  in  acquired  immunity, — Protective 
property  of  the  fluids  of  the  iiuuiuuised  orgimiani. —  Stmmlant  action  of  the  body 
fluids. — Tlio  protective  power  of  serum  cuunut  serve  as  a  nieosure  of  acquired 
immunit}'. — Examples  of  acquired  ioimuuity  in  which  tljo  Hcrums  exhibit  so 
protective  power. — Phagocytosis  in  acipiired  intuiuuity. — Negative  cheoiiotaxis 
of  leucocytes.— Theory  of  attenuation  of  niicrf)-organi8ms  by  tlie  fluids  of  im- 
munised animals. —  Refutation  of  this  theory. — Phagocytosis  acts  without  requiring 
any  previous  neutnilisatitm  of  the  toxins. — The  origin  of  the  fixative  and  pro- 
tective priKpcrties  of  the  body  fluid». — The  relation  between  these  properties  and 
pb:igocyt<isis. — The  side-chain  theory  of  £hr]ich  and  the  theory  of  phagocytes. 

Whilst,  in  natural  immunity  against  micro-organisms,  humoral 
phenomena  play  no  proniineut  part,  in  acquired  immunity  tliese 
phenomena  assume  a  much  greater  importance.  The  bactericidal 
l)ower  of  the  fluids  of  tlie  body  is,  in  natural  immunity,  reduced  to  a 
mere  trace^  for  it  has  been  demonstrated  that  the  ^wwer  of  normal 
serums  to  destroy  bacteria  conesponds  to  no  natural  phenomenon  of 
the  living  organism,  but  is  dependent  upon  the  presence  of  cyta.ses 
•which  have  escaped  from  the  phagocytes  at  the  time  of  the  furmatiou 
of  the  clot  in  vitro  and  separation  of  the  serum.  Tlie  presence  of  the 
fixative,  that  other  important  element  in  immunitj',  has  been  demon- 
strated in  the  normal  fluids  only  in  rare  cases  and  in  small  quantity. 
The  agglutinative  projierty  of  these  fluids  hsis  likewise  shown  itself 
to  be  little  developed  and  ^vithout  any  importance  in  natural 
inmmnity. 

In  acquired    immunity   against    micro-organisms,    on  the  other 
band,  we  find  that  the  bactericidal  and  agglutinative  jiowers  of  the 
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fluids  of  the  body  are  very  jsrrcatly  iiicroasod.  With  the  discovery  that 
the  bactericidul  pronerty  was  so  higlily  developed  in  the  gerums  of 
animalïi  that  had  been  vaccinated  against  vibrios  arose  the  belief  in  [264] 
the  acquisition  of  a  new  i\n<l  purely  Immoral  property.  R  Pfeiffer, 
especially,  insisted  on  the  fuiidumental  différence  between  the  power 
of  the  serum  of  immunised  animals  to  transform  the  cholera  vibrios 
into  jrranulo><  and  the  corre^r^ponding  property  i>f  normal  sei-ums.  In 
the  fii*st  case  Pfeiffer's  phenomenon  exhibited  marked  specificity  ; 
in  the  second,  it  was  much  more  general.  A  normal  serum  trans- 
foiTHs  into  granule»,  indifferently,  vibrios  that  are  very  disthiet  from 
one  another  ;  m  hilst  the  serum  of  an  animal  vaccinated  against 
a  particular  species  or  race  of  vibrios  gives  Pfeitfers  phenomenon 
■with  this  species  (»r  race  only.  Bordets^  researches  have  defi- 
nitely settled  this  question.  This  investigator  has  shown  that 
Pfeiffer's  phenomenon  is  produced,  with  all  the  usual  serums,  by 
nieaTis  of  the  same  substances,  the  cytases  (alexine,  or  complement  of 
Ehrlich).  But  in  the  serum  of  vaccinated  animals  there  is  added 
to  these  cytases  the  fixative  (sensibtlising  substance  of  Bordet, 
immunising  body  or  amboceptor  of  FJirlicli)  which  exhibits  specific 
properties.  Having  thus  carefully  distinguished  the  two  substances 
that  set  up  the  granular  change  in  vibrios,  Bordet  shows  that  in 
\*accinated  animals  it  is  the  fixative  which  increases  in  quantity, 
whilst  the  cytfise  remains  pretty  much  in  the  same  proportions  as  in 
the  normal  animal,  lie  demonstrated,  in  fact,  that  when  we  take 
a  very  small  dose  of  the  serum  of  a  vaccinated  animal  which  by  itself 
is  inaipable  of  transforming  the  \nbrioB  into  granules,  about  the  same 
quantity  of  inmmuised  senmi  or  of  normal  serum  must  be  added 
to  it  in  order  that  Pfeiffer's  phenotnenon  may  appear.  The  quantity 
of  cytase,  that  soluble  ferment  which  is  necessary  for  the  protluction 
of  the  phenomenon,  is,  therefore,  about  the  same  in  the  serum  of 
u  normal  animal  as  in  that  of  a  well-vaccinated  animal.  Whilst  the 
cytase  does  not  increase  as  a  result  of  vaccinal  injections,  the  fixative, 
on  tlie  other  hand,  becomes  more  and  more  abundant  Consequently 
it  its  this  second  soluble  ferment  that  impresses  its  characters  on  the 
blood  serum  and  on  some  of  the  other  fluids  of  the  vaccinated  animal. 
It  has  been  pointed  out  in  the  preceding  chapter  that  tlie  fixative  is 
found  in  the  fluid  of  the  oedema  of  vaccinated  aînrnals,  although  in 
les»?  quantity  thtin  in  their  blotnl  serum.  It  has  also  been  mentioned 
that  no  fixative  is  found  in  the  aqueous  humour  of  well-vaccinated  [263] 
*  Ann.  de  I'Imt.  Ptul^titr,  Paria,  1896,  t.  ix,  p.  402. 
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animals.  It  mu«t  be  admitted  that  this  ferment  is  not  inseparably 
bouml  to  the  cells  which  produce  it,  as  is  the  ease  with  the  eytasea. 
I  have  already  developed,  at  some  length,  the  thesis  that  the  eytasea 
remain,  in  the  normal  animal,  within  the  phagocytes,  and  only  escape 
from  them  when  these  cells  are  <lestroyed,  whether  in  the  living 
animal  (during  phagolysis)  or  outside  the  animal  (during  the  prepa- 
ration of  the  serum).  Gengou's  experiments  with  the  plasma  and 
the  blood  semm  of  normal  uni  mais  have  completely  eonfinned  the 
fundamental  oliservations  that  the  cytases  are  not  found  free  in  the 
circulating  blood.  It  is  evident  that  the  same  law  a})plics  also  to 
an  animal  that  ha.s  acquired  immunity.  For  this  reason  neither 
Pfeifier's  phenomenon  nor  any  analogous  process  that  demands  the 
action  of  cytfises  is  ever  produced  in  the  anterior  chamber  of  the 
eye,  or  in  the  subcut-meous  tissue,  or  in  oedema  cither  active  or 
passive.  Further,  it  is  in  virtue  of  this  same  law  that  Pfeiffer's 
jtlienomenon  does  not  manifest  itself  even  in  the  jjeritoneal  cavity  or 
ill  tlie  blood  vessels  of  vaccinated  animals  in  which  the  phagocytes 
have  been  protected  from  pluigolysis  by  previous  it\,jections  of 
various  fluids  (physiological  saline  solution,  brutli,  etc.).  It  woidd 
be  very  interesting  to  be  able  to  deinonsti-ate  the  absence  of  cjlases 
in  the  fluids  of  immunised  animals  by  experiments  of  the  same  order 
as  those  carried  out  by  Gengou  with  the  fluids  of  normal  animals, 
but  the  obstacles  to  the  realii^ation  of  this  postulate  are  too  great 
We  saw  when  discussing  Gengou's  experiments  tliat  it  is  impossible 
to  obtain  in  intra  a  fluid  identical  with  the  plasma  of  living  blood. 
The  greatest  precautions  in  collecting  the  blood  and  in  its  after 
treatment  ai-e  iiisuHicient  to  prevent  coagulation  taking  place  sooner 
or  later.  It  follows  that,  as  there  is  always  a  considerable  quantity 
of  free  fixative  in  the  plasma  of  innrmuised  animais,  an  iufinit&siuial 
quantity  of  microcytjuse,  set  free  from  the  leucocytes,  is  sufficient 
for  the  production  of  Pfeitt'cr's  or  any  other  analogous  phenomenon. 
There  must  be  a  great  improvement  in  the  methods  of  preparation 
of  plasmas  outside  the  budy  before  it  will  be  possible  to  undertake 
successful  researches  on  the  above  problem.  For  the  present  we 
inust  rest  satisfietl  with  other  proofs,  already  numerous  and  very 
demonstrative,  of  the  absence  of  free  cytases  iii  the  normal  plasmas  of 
vaccinated  animals. 
[260]  The  cytases  being  found  in  about  the  same  quantity  and  pre- 
senting the  same  properties  in  all  animals  that  enjoy  immunity 
whether  natural  or  acquired,  it  must  be  the  fixative  vviiich  specially 


diutingiijslics  these  two  catégories  of  immuuity.  Now,  the  fixative 
is  found  in  tlie  scnini  of  perhaps  all  cases  of  acquired  imumnity. 
Bonlct  and  Gentfou  liiive  studied  it  by  the  method  already  mentioned 
(Chap.  VII.).  A  certain  quantity  of  micro-organisms  of  various  species 
is  introduced  into  the  senira.  If  the  cytases,  present  in  the  serum 
when  the  experiment  w;is  commenced,  ultimately  disapi^ear  from  it, 
it  indicates  that  this  ferment  has  been  absorbed  by  the  bacteria, 
thanks  to  the  fixative,  wliich  consequently  should  be  found  in  the 
serum  under  observation.  The  presence  or  absence  of  the  cytiises 
can  be  demonstrated  by  the  production  or  absence  of  Pfeiffer's  phe- 
nomenon with  vibrios. 

The  application  of  this  method  enabled  Bordet  and  Gengou' 
to  satisfy  themselves  that  tlie  senim  of  animais  immunised  against 
«everal  species  of  bacteria  (plague  bticillus,  typhoid  bacillus,  bacillus 
uf  swine  erysij)clas,  first  antlinux  vaccine,  and  Profc»-»  rult/un^)^  really 
contains  an  appreciable  quantity  of  fixative.  It  may,  then,  be  ac- 
cepted that  the  producti(ui  of  this  substance  is  fairly  constant  in 
acquired  immunity  against  bacteria,  and  that  it  constitutes  one  of  the 
most  im]>orUnit  factors  in  such  immunity. 

The  question  has  been  niisetl  :  Wliat  is  the  nature  of  the  substance 
to  which  the  name  of  fixative  is  given?  Pfeiffer  and  Proskauer^ 
have  attempted  to  solve  this  question  by  making  use  of  a  scrum  which 
acts  against  the  cholera  vibrio  anil  which  they  obtained  by  vaccinating 
animals  with  this  vibrio.  They  carrietl  out  a  long  scries  of  experi- 
ments which  led  them  to  the  conclusion  that  this  substance,  which 
they  tenn  "  cholera  antibody,"  cannot  be  identified  with  any  of  the 
albuminoid  substances  of  the  serum.  Further,  the  fixative  is  not 
represented  by  any  of  the  salts  or  extractive  substances  of  the  serum, 
because  these  substances  dialyse  easily,  whereas  the  cholera  antilxMly 
doe»  not  pass  through  the  dialysing  membrane.  The  fixative  is  wholly 
precipitated  by  alcohol,  and  is  regiirded  by  Pfeifier  and  Proskauer  as 
belonging  to  the  categoiy  of  soluble  ferments,  an  opinion  which  is 
certainly  shared  by  many  other  investigators. 

What  is  it  that  communicates  to  this  ferment  its  remarkably  [■2ùi] 
Ki»ecific  character?     Without  being  able  to  give  a  precise  answer 
to  this  question,  the  authors  just  cited  point  out  the  analog)'  that 
exists  between  the  cholera  antibody  and  the  soluble  ferments  of 
yeaatB  which  have  been  studied  by  Elmil  Fischer.    Some  of  these 

*  Ami».  d«  I'liut.  PcuUur,  Paris,  1901,  t  xv,  p.  289. 

>  Ctnlrtdbl./.  DacUrÙjl.  u.  Paratitcnk.,  Jeua,  1896,  l"  Abt,  Bd.  iix,  a  191. 
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act  only  upon  certain  special  sugars  in  a  manner  equally  gpecific 
From  a  lotncal  point  of  view  it  might  be  permissible  to  attribute 
the  specificity  of  fixatives  to  something  borrowed  from  the  species 
of  micro-organism  that  has  played  a  part  in  their  production.  It 
ha«  long  lieen  recognised  that  in  old  cultures  of  the  cholera  vibrio 
these  micro-organisms  are  transformed  into  spherical  granules,  the 
arthroHjjores  of  Hueppe,  which  closely  resemble  the  granules  produced 
in  I'feiller's  phenomenon.  There  are,  then,  undoubte<lly,  vibrionic 
products  which  act  much  as  ilo  the  mici"ocj'tases,  and  it  would  l)e  very 
interesting  if  we  could  find  them  iu  the  bactericidal  ferments  of  the 
animal  body.  An  attempt  of  this  kind  wa.s  undertaken  by  Emmerich 
and  Low',  who  attribute  the  acquired  immunity  to  a  particular  sub- 
stance which  they  tenu  "Xuclease-Imnnuiiiroteïdin."  According  to 
their  hypothesis'  the  microbial  products  whicfi  are  produced  in  the 
animal  during  the  i)eri(Ml  of  vaccination — the  nucleases— combine  with 
proteid  substances  of  the  blood  and  organs  to  furnish  the  substance 
to  which  these  authors  have  given  such  an  elabomte  name.  In  their 
most  recent  publication  Eiirmerich  ami  LiJw  even  describe  a  method 
of  pniilucing  this  substance  outside  the  animal  IkhIv,  by  the  action 
of  ox  bloo<l,  or  better  still  pounded  spleen,  on  the  nuclease  produced 
by  the  bacteria  found  in  old  cultures.  To  it  fhcy  attril)ute  the  pro- 
jierty  of  dissolving  the  various  bacteria,  of  conferring  inmiunity 
against  and  even  of  curing  several  infective  diseases.  But  these 
authors  do  not  say  whether  this  remarkable  substance  is  identical 
with,  or  analogous  to,  the  antimicrobial  ferments  composed,  as  we 
have  seen,  of  microcytase  and  fixative.  It  must  be  concluded  that 
they  look  upon  it  as  being  similar  to  the  alexinc  of  Buchner,  which 
is  nothing  more  than  a  mixture  of  the  two  substances  just  named. 
Unfortunately  the  whole  inrinrit*  given  by  Emmerich  and  Low  will 
do  anytliing  but  gain  over  ihe  reader,  and  iu  their  publications  no 
proof  of  their  assertions  ran  be  found.  Several  of  the  facts  advanced 
by  them  do  not  fall  in  Mitii  well-estiiblished  data.  Thus  they  speak 
[•2G8]of  the  coTuplete  lysis  of  the  bacilli  of  swine  erysipelas  by  their 
soluble  "Erysipelase-lnmmnproteïdin"  iu  vaccinate<l  animals,  a  pro- 
cess that  has  never  been  denmirstruted  by  them  ami  which  in  no 
way  accords  with  conscientious  and  ciirefully  carried  out  observations. 
On  the  other  hand,  they  cite  facts  whicli  contradict  one  another.  The 
"  Pyocyanasc-hnmunproteidiu"  is  a  substance  which  possesses  an 
extraordinary  bactericidal  power,  not  only  agiiinst  the  Buc.lUm  pyo- 
'  ZUckr.f.  Hug-,  l-«'pz>g)  1901,  Bd.  xxxvi,  S.  8. 
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rifcnityus  but  also  agaiust  several  other  bacteria,  e.g.  the  bacilli  of 
anthrax,  tiiphtheria,  typhoid,  aud  plague.  This  substance  rapidly 
breaks  up  thetse  bacteria,  aud  cures  diphtheria  and  experimental 
anthrax.  But  it  is,  at  the  same  time,  so  affected  by  the  invasion 
«>f  the  D)ost  common  bacteria,  such  as  Bacillus  subtiUSf  that  it  is 
necessary  to  add  antiâc])tics  in  order  to  preserve  it.  To  tliese  con- 
trudictions,  inaccuracies,  and  uncertainties  must  be  added  further 
the  adrice,  given  by  Emmerich  aud  Low  to  bacteriologists,  not  to 
attempt  to  reproduce  their  experiments,  because  they  may  eaaily 
f:ùl,  and  I  think  that,  iu  spite  of  the  seductiveness  of  the  uttemjit 
to  attribute  to  bacterial  products  a  share  in  the  elaboration  of  anti- 
loicrobiul  substances,  we  niiuit  conclude  not  to  follow  these  authors 
further.  It  is  better  to  confess  our  ignorance  of  the  chemical 
composition  of  these  substiinces  iu  general  aud  of  the  fixatives  in 
particular. 

As  tlie  fixatives  resist  temperatures  much  higher  than  those  which 
destroy  the  cytases.  in  this  re!<pect  resembling  the  agglutinative  sub- 
stances so  frequently  found  in  the  Buids  of  vaccinated  aniniids,  there 
has  long  been  a  tendency  to  identify  them  with  these  latter.  It  is  in- 
db^imtable  that  between  the  fixatives  and  the  agglutinative  substances 
the  analogies  are  fairly  numerous.  Both  are  produced  in  quantity 
during  the  process  of  imiuimisation,  aud  are  found  not  only  in  the 
blood  serum  but  alsf>  in  tlio  fluids  of  the  living  animal,  e8i>ecially 
in  the  tluiils  of  exudations  and  transudations.  Both  dialyse  through 
parchment  more  readily  tliau  do  the  cytases.  Buchuer*  has  demon- 
Btnitcd  that  his  alexines  ibactericidal  subst;inces  of  normal  serum) 
will  dialyse  only  where  the  lower  ftuid  is  pure  water;  dialysis  is  nU 
when  the  ilistilled  water  is  replaced  by  physiological  saline  solution. 
The  fixatives  and  agglutinins,  as  demonstrated  by  Gengou^  for  the  ['269] 
latter,  pass  almost  completely  through  the  dialyser  in  the  case  of  pure 
water,  aud  one-half  still  [jasses  when  the  lower  fluid  approaches  as 
nearly  Jis  possible  to  normal  serum. 

In  siiite  of  these  analogies,  however,  the  agglutinative  property 
must  be  sharjdy  distinguishetl  from  the  fixative  power  of  serums.  In 
this  fluid,  derived  from  normal  animals,  the  agglutinative  proi>erty  is 
odeu  very  marked  when  the  power  of  fixing  the  cytases  is  totally,  or 
iu  great  part  absent.    Bordet  and  Gengou''  have  demonstmted  also 

'  Manclieii.  med.  M'tlmtrhr.,  1&9'2,  SS.  119,  982. 

*  Ann.  di<  I'luti.  Pasteur,  Paris,  1899.  L  xui,  p.  C47. 
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that  feebly  agglutinative  serums  of  persons  convalescent  fi-om  typhoid 
fever  may  exhibit  a  great  capacity  for  fixing  the  cytases.  Other 
facte,  to  be  mentioned  later,  confirm  the  real  difference  between  the 
fixative  and  the  agglutinative  properties. 

The  agglutination  of  bacteiia  was  noted  during  the  course  of  a 
series  of  researches  on  the  acquired  proi>erties  of  the  blood  serum  of 
vaccinated  animals.  Chamn  and  Roger',  seeking  to  obtain  a  clear 
idea  of  tl>e  difference  between  the  serum  of  normal  animals  and  that 
of  animals  vaccitiated  against  the  BtKiUm  jyyoq/anem,  obeerved  that 
this  bacillus  developed  in  the  normal  fajshion  in  the  former,  but  in 
the  latter  gave  rise  to  sjjecial  forms  of  growth.  Instead  of  growing 
in  the  form  of  rods,  it  elongates  into  segmented  filaments  which 
Ijecome  entangled  and  fall  to  the  bottom  of  the  tubes,  leaving  a 
supernatant  limpid  serum.  I  was  able  not  only  to  confinn  the 
accuracy  of  this  observation  for  the  Bac'tUns  pyocyaneus,  but  to 
extend  it  to  Gamaleia's  vibrio  and  to  the  pneumococcus-.  In  all 
these  instances  we  have  a  modification  of  tlie  bacteria  developed 
in  specific  serums  coming  from  vaccinated  animals.  Later,  Bordct*, 
during  his  researches  on  the  bacteriolysis  of  vibrios  in  vitro,  observed 
that  these  vibrios,  when  introduced  into  the  blood  senmi  of  vacci- 
nated animals,  lose  their  movements  and  soon  unite  into  more  or 
less  voluminous  masses.  This  observation  was  confirmed  by  Gruber 
[270]  and  Durham^,  who  were  the  first  to  ajtply  it  in  the  specific  diagnosis 
of  bacteria.  They  showed  that  the  agglutinating  power  of  vacci- 
nated aniiniils,  although  not  rigorously  specific,  might,  nevertheless, 
he  utilised  for  the  differentiation  of  cerUiin  bacteria,  especially  the 
cholera  vibrio  and  the  typhoid  bacillus.  But,  independently  of 
this  result,  Griiber'*  essayed  to  formulate  a  theory  of  acquired  im- 
munity bascHl  on  the  agglutinative  property  of  the  serum.  He 
accepted,  in  connection  with  the  phenomenon  of  the  destruction  of 
the  bacteria,  Bordets  hypothesis  of  the  cuncurreut  action  of  two 
substances,  of  which  one,  the  bactericidal  substance  proper,  is  nothing 
but  the  alcxine  of  Bucliner,  the  second  being  that  which  agglutinates 
the  bacteria.    This  agglutination,  accortiing  to  Gruber,  results  from 

1  Compt.  Etnd.  Soc.  de  Biol.,  Paria,  1889,  p.  667. 
'  Ann.  de  rin*l.  Pasteur,  Paris,  1891,  t  v,  p.  473. 
'  Ann.  d«  rimt.  Paxtetir,  Paris,  1895,  t  ix,  \\  462. 

*  Miinchen.  med.  Wchnschr,,  1896,  S.  285  [cf.  also  Barlmm,  Journ.  Path,  and 
Bacteriol.,  Edin.  and  London,  1897,  VoL  iv,  p.  13,  and  1901,  VoL  vu,  p.  240;  Brit. 
Mid.  Journ..  London,  1898,  Vol.  n,  p.  588]. 
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the  swelling  of  the  bacterial  membrane  which  becomes  viscous  and  so 
leads  to  the  cohesion  of  the  bacteria  an<l  the  formation  of  dumps. 
Thus  transformed  and  rendered  motionless,  the  bacteria  succumb  more 
readily  to  the  destructive  action  of  the  alexine.  It  is  supposed  that 
the  phagocytes  do  not  intervene  at  all  in  these  cases  of  acquired 
immunity,  except  in  a  purely  secondary  fashion  when  they  ingest 
the  bacteria  already  greatly  weakened  by  the  united  action  of  the 
agglutinin  and  the  alexine.  The  principal  rôle  in  this  theory  of 
immunity  is  thus  given  to  the  agglutinative  substance,  which  is  re- 
garde<l  as  being  a  microbial  product,  modified  by  the  macrophages 
and  thronii  into  the  blood. 

Tlie  discovery  of  this  agglutination  of  bacteria  has  acquired  great 
importance,  especially  in  connection  with  its  application  to  the  dia- 
gno«iis  of  tA'phoid  fever.  WidaF  succeeded  in  sliowing  that  typhoid 
Ixicilli  agglutinate  readily  under  the  influence  of  blood  serum  and 
other  fluids  (milk,  tnmsudatioïis,  tears,  etc)  derived  from  patients 
nuffering  from  typhoid  fever.  As  this  phenomenon  could  be  utilised 
for  the  early  recognition  of  the  disease,  it  liegan  to  be  studied  with 
great  care  and  many  interesting  data  concerning  it  have  been  col- 
lected. The  general  outcome  of  these  researches  accords  with  the 
conclusions  drawn  by  Widal,  and  the  eeruin-diagnosis  of  typhoid 
ferer  has  taken  an  important  place  among  the  methods  used  for 
the  recognition  of  this  disease.  Tiiis  aspect  of  the  question,  however, 
does  not  interest  us  from  the  point  of  view  of  the  problem  of  im- 
munity which  we  now  have  under  consideration,  and  we  cannot  hero 
enter  upon  the  study  of  the  senim-diagnosis  of  typhoid  fever  and 
cerUiin  other  diseases  (cholera,  tulierculosis,  pneumonia).  Moreover,  [271] 
we  must  refrain  from  any  analysis  of  the  hypotheses  advanced  to 
explain  the  mechanism  of  agglutination.  A  lively  discussion  has  been 
carried  on  between  the  ]»;»rtisans  of  the  chemical  theory — according 
to  whom  the  agglutinin  acts  directly  on  the  agglutinable  substance 
of  the  bacteria — and  the  advocates  of  the  physical  theory,  led  by 
Bordet^  who  attribute  the  agglutination  to  nullifications  in  the 
molecular  attractions  which  unite  the  agglutinable  elements,  be  it 
between  eiich  otiier  or  Mrith  the  surrounding  fluid.  At  one  time 
it  was  thought  that  Roger's'  observation  that  the  cell  membranes 
of   Oïtiiwn   filbicnns,  when    cultivated   in    the    specific    serum    of 

•  SuIL  S»c.  iiicJ.  d.  hup.,  Paris,  1806,  26  juin  [Semaitu  mtd^  Paria,  1896,  p.  269]. 
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immunised  animals,  increased  in  volume  and  became  greatly  swollen, 
settled  the  question  in  favour  of  Gruber's  theory.  But  the  objection 
formulated  by  Kraus  and  Seng  S  on  the  one  hand,  and  by  Bordet, 
on  the  other,  dealt  a  severe  blow  to  tins  view.  As  the  scrum  em- 
ployed by  Roger  was  not  deprived  of  its  cytases  (ale.xine),  the 
viscosity  of  the  nienil>rane  of  the  fungus  could  not  be  attributed 
to  the  agglutinin.  When  Bordet-  demonstrated  that  the  red  blood 
corpuscles,  under  the  influence  of  the  serums,  undergo  an  agglutina- 
tion as  marked  as  tJiat  seen  in  bacteria,  it  entibk'd  us  to  stud^*  this 
phenomenon  in  the  large  red  corpuscles  of  binlsi,  in  which  no  one 
has  ever  been  able  to  demonstrate  any  viscosity  of  the  corpuscular 
stroma.  In  a  mixture  uf  red  corpuscles  of  bird  and  manuniil,  sub- 
mitted to  the  action  of  a  serum  which  agglutinates  the  former  only, 
the  red  corpuscles  of  the  iiianinial  never  niiite  with  those  of  the  bird, 
althaugik  this  should  undoubtetlly  take  place  if  tlie  membrane  of  the 
agglutinated  corpuscles  had  really  become  viscous.  All  the  facta 
collected  up  to  the  present  are,  tiierefore,  in  favour  of  Bordet's 
physical  theory  in  which  an  analogy  between  the  phenomena  of 
agglutinattoii  and  of  coagulation  is  tnice<]. 

The  point  that  interests  us  more  particularly  in  regard  to  aggluti- 
nation is  the  relation  of  this  phenomenon  to  inimnnity.  We  have 
already  given  (Chapter  Vll)  the  arguments  which  render  it  impossible 
for  us  to  attribute  to  the  agglutinative  property  of  the  fluids  of  the 
body  any  rôle,  however  uniuiportitnt,  in  natural  immunity  against 
[272]  micro-organisms.  We  niuat  now  study  the  importance  of  thia 
property  in  the  condition  of  acquired  immunity,  in  which  the  aggla- 
tination  of  micro-organisms  by  the  fluids  of  the  body  is  much  more 
frequent  and  active  than  in  natural  immunity. 

The  first  ((ucstiun  to  be  settled  is  the  following:  Is  the  aggluti* 
native  property  really  constantly  present  in  the  fluids  of  vaccinated 
animals  ?  The  blood  serum  of  animals  that  have  acquired  immunity 
is  unquestionably  usually  agglutinative  as  regards  the  corresponding 
micro-organism.  This  agglutination  may  be  more  or  less  pronounced, 
but  it  certainly  exists  in  the  great  majority  of  cases.  Nevertheless, 
examples  can  be  cited  in  which,  in  spite  of  the  refractory  condition 
acquired  as  the  result  of  immunisation,  the  serum  exhibits  not 
a  trace  of  agglutinative  power.  Having  demonstrated  that  several 
bacteria    {Bacillns   pyocyancu»,    Diplocoocus   piieumoniae,    Vibrio 

'   Wim.  klin.  IVchnaehr.,  1899,  8.  1. 
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ttovi)  devdop  in  the  serum  of  vaccinated  animals  in  the 
of  elongated  fihuneuta  more  or  leas  interlaoed,  1  was  qnite 
to  allov  that  flns  &ct  might  be  ci  general  imjM^rt.    Bat 
of  a  corro-badUiis  wliicfa  produces  the  puearoo-enteritis  of 
1  which  vas  isolated  by  Chantemeese  during  an  epiaootie 
Iv,  led  me  to  belieTe  that  this  iras  not  the  case.    As  this 
Iiiu-illu9   is  characterised  bv  great   motilitr,   I   concluded^  that   it 
was  identical  with  that  of  the  hog  cholera  of  American  writers. 
Tbeotwld  Smith*,  to  whom  1  sent  a  specimeu  and  who  is  a  oompeieiit 
autlioritr  on  this  question,  refers  it,  bowerer,  to  the  ^^pedes  «bidi 
produces  swine  phgne.    Knowing  that  the  qnrstion  of  these  two 
hMteris  is  not  finaDy  settlitl,  it  i»  impoî^ible  to  cume  to  an  absolute 
deciidon  in  the  matter.     Fortunately,  from  the  point  of  riew  of 
tmniunitr,  this  is  of  no  great  importance.     The  (Mtitit  upon  which 
I  must  lay  streas  b  that  the  scrum  of  rabbits  Taecinated  against 
the  Gentilly  badllns,  when  sown  with  this  cocoo-hadllus,  gare  renr 
abondant  and  uniformly  turbid  growths.     In  my  researches,  under- 
taken at  a  period  when  the  rapid  agglutination  of  micro-Ofganistns 
added  directly  to  the  specific  serum  had  not  yet  been  recognised, 
■footed  merely  that  the  cocco-biicilli  which  grew  in  the  blood  serum 
^Kf  vaccinated  rabbits  presented  their  normal  form  and  gave  rise  to 
^n  general  turbidity  of  the  fluid.    Since  then,  howerer,  it  has  often 
I-      been  obeerred  that  the  mode  of  derelopmeut  of  a  micro-organism 
in  A  seram  gives  an  even  n>ure  delicate  indication  than  does  the 
ag^utinatinn  properiy  so  called,  produced  by  the  semm  to  which  [37S] 
has  been  added  an  organism  coltirated  on  its  nsual  me^Jium.    Thus 
^^Hhondler*  saw  that  BarUln»  roll  and  ProUm»  rHhjarii,  whidi  were 
^Mot  agglutinated  by  certain  serums,  developed  in  them  in  an  unusual 
^Buhioo  and  produced  very  long  and  interladng  filaments    ^Vhen 
l^w»  «ernm  Is  incapable  of  revealing  its  pn^terties  by  agglutinative 
reaction  properiy  to  called,  it  is  sown  with  the  corresponiUng  micro- 
ùqguàsoi  and  the  development  U  then  compared  with  that  obserred 
^^n  n  nonnal  semm.    Frequently  a  very  mariced  difference  is  noted, 
^|bie  tame  orgaaasm  growing  into  filaments  in  the  specific  serum  and 
'      forming  rods  only  in  the  normal  serum.     The  first  mode  of  develop- 
ment is  sometimes  des^nated  "  Pfiaiundler's  reaction.'' 


it  tlnat  PsÊUmr,  Pari*,  1^2,  t.  vi,  pi  289. 

/.  BakUrioL  m-  PartuUmL,  Jeu,  1894,  Bd.  xvi,  S.  tO. 
CtHtnibL/.  BmiUrioL  u.  P^nrmittnk^  JcBk,  I**  Abi,  18IM,  Bd.  zxm,  SS.  »,  71, 
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In  the  serum  of  rabbits  vaccinated  against  the  Gentîlly  eocco- 
bacillus,  no  fîlameutâ  correspoiuling  to  those  met  with  in  the  apglu- 
tinative  reaction  are  formed,  but  bacilli  are  produceti.  In  spite  of 
this  the  animals  that  furnisli  ttie  serum  show  a  distinct  resistance 
to  infection.  More  recently,  Kavlui.ski'  h;i8  studied  the  properties  of 
the  serums  of  animals  treated  with  tlie  cocco-bacilH  of  hog  cholera 
and  swine  plague.  He  was  able  to  demonstrate  that  blood  serum 
from  oxen  tliat  had  received  repeated  injections  of  cultures  or  toxin 
of  hog  choleni,  was  not  only  iucajiable  of  killing  the  cocco-bacilli  of 
the  two  swine  diseases  but  it  even  "  gave  rise  to  no  agglutination  "  of 
the  two  bacilli  and  did  not  arrest  the  motions  of  those  of  hog  cholera. 
On  the  other  Iiand,  serums  have  been  obtained  from  other  species 
of  animals  (dog,  pig)  whicli  brought  alx)ut  the  typical  agglutination 
of  the  cocco-bacillus  of  hog  cholera". 

In  the  preceding  chapter,  Cengou's  experiment  on  the  senun  of 
a  dog  that  had  been  treated  with  a  virulent  culture  of  anthrax  has 
already  been  cited.  This  serum  did  not  agglutinate  the  bacillus, 
even  of  the  first  vaccine  of  Pasteur.  Xevcrtheless,  a  second  dog 
treated  with  an  attenuated  culture  of  this  bacillus  furnished  an 
agglutinative  serum.  The  immunisation  nf  the  tii-st  dog  was  carrieil 
very  much  further  than  that  of  the  second,  but  the  agglutinative 
I)ropertie8  M-ere  in  inveree  ortler.  Sawtchenko,  in  his  study  of  im- 
munity agidnst  anthrax,  demonstrated  that  the  subcutaneous  exu- 
[274]  dation  from  vaccinated  mts  dues  not  agglutinate  the  bacillus  which 
usually  exhibits  such  a  great  tendency  to  collect  into  clumps. 

Agglutination  has  been  studied  particidarly  carefully  in  tjiihoid 
fever.  We  know  that  after  an  attack  of  this  disease,  an  acquireil 
refractory  condition  is  produced  which  lasts  for  a  considerable  period. 
In  most  cases  the  agglutinative  power  of  the  blood  diuiinishcs  very 
rapidly,  and  disappears  a  few  weeks  after  the  commencement  of 
convalescence.  It  is  only  in  rare  cases  that  it  pei-sists  for  years'. 
On  the  other  hand,  during  the  peritxl  of  apyrexia  which  precedes 
the  relapse  in  typhoid  fever  and  during  the  period  of  i-elapse, 
the  agglutinative  power  may  manifest  itself  in  a  very  marked 
degree.    In  an  observation  made  on  a  case  reported  by  Widal  and 


«  Zttchr.f.  Uyij.,  Leipzig,  189S,  Bd.  xxvui,  S.  406. 

*  Fijhttnth  Ann.  Rep.  of  the  Burtau  iif  Animal  Induitryfor  ISâS,  Wiuhin^n, 
1899,  p.  .14S,  PI.  XI. 

'  Widiil  ec  Sicard,  BtdL  et  Man.  Soc  méd.  <L  hop.,  Paris,  1896,  p.  684  \jiematne 
méd.,  Puris,  1896,  p.  614], 


SicardS  the  iigglutinative  power  was  raised,  two  days  before  the 
relapse,  to  a  ratio  (1  :  150)  it  hîid  uever  attained  during  the  firet 
attack.  "The  appearance  of  the  relapse,  two  days  after  this  ob- 
eervatiou  " — these  authors  atld — "  renders  it  evident  that  the  agglu- 
tinating reaction  is  indepemlent  of  the  stiite  of  immunisation." 
Analogous  cases  have  been  pointed  out  repeatedly  by  several 
observers. 

Tlie  examples  cited  show,  on  the  one  hand,  that  the  serum  of 
individuals  endowed  with  acquired  imniuuity  mriy  l>e  without  any 
agglutinative  property,  but,  on  the  other,  that  this  i)ower  may  be 
iiigidy  develope<l  in  the  serum  of  susceptible  individuals.  The  argument 
based  on  these  data  may  be  corroborated  by  several  other  series  of 
facte.    Thus,  Salimbcni''  has  pointed  out  that  the  clioleni  vibrio  is  not 
agglutinated  in  the  fluids  of  immuuised  aitiuials.    The  suVtcutaneous 
exudation  of  a  liorsc  treatetl  with  a  large  quantity  of  tliese  vibrios 
does  not  agglutinate  Kocii's  vibrio  exce{)t  outside  the  body.    When 
tbie  exudation  is  drawn  oil"  shortly  after  the  injection  of  the  vibrios, 
the  orgîHiisras  render  the  fluid  uuiforndy  turbid.    But  a  short  ex- 
l)osure  to  the  air  is  sutficient  to  bring  about  tlie  agglutination  of 
the   vibrios   in   the   same   exudation.     Guided   by  this  observation, 
Salimbeni  carried  out  comparative  experiments  on  the  action  of  the 
scnim  of  vaccinated  animals  outside  the  body,  in  tubes  deprived 
of  oxygen  and  in  others  exposed  to  the  air.    In  tlie  former  agglu- 
tination ilid  not  take  place  or  ^vas  very  incomplete,  in  the  latter  it  [275] 
soon  came  on.    This  fact  accords  perfectly  with  tlie  observation  of 
Pfeiffer's  phenomenon  in  the  peritoneal  cavity  of  guinea-pigs  from 
which  we  withdraw  a  fluid  containing  granidcs  that  Imve  resulted 
from  perfectly  isolated  vibrios.    In  other  micro-organisms  a  diflerence 
has  been  noted  in  this  resi)ect.    Thus  Gheorghiewnky  has  seen  the 
agglutination  of  tlie  Bacilhu  pt/oci/fnmvg  produced  under  the  in- 
fluence of  the  senim  of  vaccinateil  animals,  even  in  tubes  deprived 
of  oxygen.    Durham  has  made  a  similar  observation  in  the  case  of 
the  typlioid   bacillus.    When,  however,  Trumpp^  wisiied  to  satisfy 
himself  as  to  the  agglutination  of  the  same  organism  in  the  body 
of  wcH-vaccinated  guinea-pigs,  he  obtained  only  imperfect  results. 
He  concluded  from  his  experiments  "that  the  formation  of  typhoid 
dumps  may  precede  the   breaking  down  of  the  bacteria  in  the 

1  Ann.  de  I'IfUt.  PatUur,  Paris,  1897,  t  XI,  p.  411. 

•  Anti.  de  I'Intt.  P<juUur,  Piirw,  IsaT,  t.  XI,  p.  277. 

*  Arch./.  Hyij.,  Uuiicbeu  u.  Leipzig,  1998,  fid.  xxsui,  S.  124. 
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anirnal  body  itself,  but  only  under  certain  conditions — when  the 
degi-ee  of  iininxinity  of  the  animal  ià  suflBciently  high  and  when 
the  bacilli  introduced  are  not  too  numerous  "  (p.  130).  In  the  case  of 
the  typhoid  bacilhis,  a  certain  degree  of  agglutination  is  produced 
inside  the  animal  body,  but  it  is  markedly  incrcaseil  in  the  fluids 
that  have  been  withdrawn  and  exposed  to  the  action  of  the  air. 

It  has  been  demonstrated,  repeatedly,  that  the  agglutination  of 
micro-organisms  by  their  specific  semmis  does  not  prevent  their 
growth  and  multiplication.  These  agglutinated  organisms  lose  none 
of  their  viruleixce.  Issactf' ,  working  in  my  laboratory,  carried  out 
an  investigation  on  this  point  in  the  case  of  the  pneumococcus. 
He  vaccinated  rabbits  against  this  organism  and  satisfied  himself 
that  the  organism  still  grows  well  in  the  blood  serum  of  such 
rabbits;  but,  instead  of  presenting  the  typical  form  of  lanceolate 
diplococci,  the  pneumococcus,  under  these  conditions,  forms  very 
long  chains  of  true  streptococci.  Having  filtered  the  cultures  in 
order  to  get  rid  of  the  serum,  he  injected  tliem  into  rabbits  and 
mice  and  demonstrated  that  the  pneuraococci  had  retained  to  the 
full  their  initial  virulence.  Sanarelli-  carried  out  corresponding 
experiments  with  (jamaleia'a  vibrio,  which,  as  we  know,  also  forms 
chains  in  the  serum  of  vaccinated  animals.  ^Vhen  filtered  on  a  paper 
filter  and  washed  with  physiological  saline  solution,  the  vibrios  were 
found  to  be  just  as  virulent  as  were  the  control  vibrios  grown  in 
[276]  the  serum  of  susceptible  animals.  More  recently,  Mesnil'  demon- 
strated the  same  point  in  connection  with  the  bacillus  of  swine 
erysipelas.  He  experimented  on  culture.'^  that  Mere  agglutinated 
after  their  formation  and  also  on  others  agglutinated  as  they  were 
growing.  The  fluid  of  the  culture  was  decanted  and  replaced  by 
fresh  broth  imtil  the  élimination  of  the  serum  wjia  complete.  Mice, 
inoculated  with  the  washed  clumps,  died  in  the  normal  period,  thus 
affording  proof  that  "agglutination  in  no  way  alters  the  vitality 
and  virulence  of  the  bacillus  of  swine  erysipelas"  (p.  492). 

We  can  reailily  understjuid,  after  the  demonstration  of  these 
various  facts,  that  it  is  impossible  to  maintidu  Max  Gruber's  theory 
that  the  agglutinative  power  constitutes  the  fundamenUU  basis  of 
acquired  imuiunity.  Hence  this  writer,  after  publishing  seveml  pre- 
liminary notes  in  180(3,  has  not  yet  decided  to  give  to  his  hypothesis 

'  Ann.  df  riji$t.  Patteiir,  Paris,  1893,  t  vii,  p.  2»iO. 

•  An»,  tte  I'lmt.  Patteur,  Paris,  1893,  t.  vii,  p  225. 

•  Ann.  de  l'Ju»t.  Patltur,  Paris,  is-js,  L  xn,  p.  481. 
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a  more  extended  developinent.    Nor  has  any  one  else  attempted  to 
defend  it. 

It  i«  i)rolMihle  that  in  certain  special  cases  the  immobilisation  of  rery 
motile  bacteria  and  their  agghitination  into  clumps  may  facilitate  the 
reaction  of  the  animal  organism,  especially  the  rapidity  of  pliiijjjocy- 
tosis.  Thns,  Besredka^  observed  that  guinea-pigs  when  inoculated 
with  typhoid  bacilli  that  had  previously  been  mixed  with  the  blood 
sernm  of  normal  aniinak  survived.  The  most  active  amoDgst  these 
Berams  was  ox  serum  heated  to  60°  C.  Guinea-pigs  furnished  a 
serum  which  was  much  less  active.  The  rcsistsince  of  jçuiuea-pigs, 
itii»culute<l  into  the  peritoneal  cavity,  was  in  direct  ratio  to  the 
agglutinated  condition  of  the  bacilli.  Besredka  lays  stress  on  the 
facility  with  which  the  bacilli,  when  agirlomerated  into  large  clumps, 
were  ingested  by  the  phagocytes,  and  suggests  that  there  is  a  certain 
stimulating  action  of  the  serums  on  the  leucocytes.  When  he  in- 
jected into  guinea-pigs  a  mixture  of  typhoid  bacilli  and  giu'nea-pig's 
serum,  wade  immediately  Ix'fore  injection,  his  animals  died  from 
infection.  But  when  he  left  the  bacilli  for  some  time  in  contact 
with  the  guinea-pig's  serum  outside  the  body,  and  did  not  inject 
the  mixture  until  after  agglutination  was  complete,  the  inocidated 
animals  usually  survived.  This  experiment  indicates  the  part  played 
by  agglutination  in  the  resistance  offered  by  the  atiimal,  and  at  the 
Hime  time  proves  that  in  the  body  of  the  guinen-pig  tiie  agglomera- 
tion of  the  micro-organisms  into  clumps  does  not  take  place  to  the  [277] 
same  degree  as  in  the  serum  prepared  in,  and  left  in  contact  with, 
the  air. 

In  any  case,  the  data  collected  by  Besredka  cannot  be  put 
forward  as  an  argument  in  favour  of  the  essential  part  played  by 
agglutination  in  acquired  immunity,  nor  can  they  weaken  the  facts 
indicated  as  to  the  absence  of  aggUitinative  power  in  examples  of 
acquired  immunity  and  as  to  the  virulence  of  the  agglutinated  micro- 
organisms. The  part  playe«l  by  agglutination  in  this  immunity  is 
merely  accidental  and  subordinate. 

Special  researclies  have  been  carried  out  with  the  object  of  de- 
fining, exactly,  the  origin  of  agglutinins  in  the  body  of  an  animal 
that  baa  acquired  inunuuity.  Obsen'ers  are  unanimous  in  recognising 
that,  of  all  parts  of  the  nrgjinram,  the  blood  is  richest  in  agglutinin. 
This  subst^mce  is  found  in  the  blood  serum  as  well  as  in  the  plasma. 
From  this  (corroborated  by  the  agglutinative  property  of  other 
'  Ann.  de  Clint.  PatUur,  Paris,  1901,  t.  xv,  p.  209. 
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fluids,  such  as  tlie  pericardial  fluid,  oedenias  very  poor  in  formed 
elements,  etc.)  it  follows  tliat  tlie  agglutinin  circulates  in  tlie 
blood  and  lymph  of  the  living  animal.  Several  observei-s,  amongst 
whom  I  may  cite  Acliard  and  BensaudeS  Arloing*,  and  Widal  and 
Sicard",  put  to  tlieraselves  the  question  whether,  before  passing 
into  the  blood,  the  agglutinin  is  not  formed  in  the  exudation  de- 
veloped at  the  scat  of  inocuUitiou  of  the  micro-organisms.  Their 
conclusions  were  invariably  negative;  they  were  never  able  to  find 
more  agglutinins  in  these  exutlations  than  in  the  blood.  PfeiflTer 
and  Marx*  had  occasionally  observed  that  their  animals,  inoculateti 
with  the  cholera  vibrio,  early  exhibited  an  a;rglutiiiative  power  in 
the  spleen;  but  tliis  result  was  not  met  with  bufliciently  constantly 
to  enable  them  to  draw  a  positive  conclusion.  A  little  later,  van 
Emden*'  studied  in  detiiil  the  distribution  of  the  agglutinative  pro- 
perty in  the  body  of  an  animal  inocuhited  with  Bacillus  ucnx/eiies. 
His  researches  led  him  to  the  conclusion  that  the  spleen  and  the 
lymphoid  orgîins  must  be  regarded  as  the  source  of  the  agglutinins. 
[278]  Shortly  after  the  inoculation  of  the  bacilli,  an  extract  of  the  spleen 
wa3  more  agglutinative  than  the  blood  or  any  of  the  other  oi-gans. 
In  rabbits  from  which  tlie  splceu  had  been  removed,  the  siime  rôle 
was  filled  by  the  bone  maiTow  and  probably  also  by  the  lymphatic 
nodules.  But  this  preponderance  of  the  haematopoietic  organs  did 
not  continue  long,  the  blood  soon  becoming  the  most  important 
seat  of  the  agglutinative  power. 

The  proof  that  this  question  of  the  origin  of  the  agglutinins  is 
a  verj'  delicate  and  dilHcult  one  is  aflbrded  by  an  investigation  very 
carefully  carried  out  by  Gengou°  on  the  agglutination  of  tlie 
attenuated  anthrax  bacillus  (Pasteur's  firet  vaccine)  by  the  fluids  and 
organs  of  normal  and  prepared  guinea-pigs.  This  observer  was  never 
able  to  obtain  any  confirmation  of  the  results  obtained  by  van  Emden 
with  another  micro-orgtuiism.  In  Cengou's  guinea-pigs  it  was  always 
the  blood  fluid  which  fallowed  itself  most  agglutinative,  the  organs 
exhibiting  merely  a  feeble  and  inconstant  agglutinative  i>ower.  As  the 


'  Arch,  de  méd.  expér.  et  d'anat.  path.,  Paris,  1S96,  1"  série,  t.  vni,  p.  "59. — 
Bensaude,  "Le  phénomène  do  l'agglutination  des  microbes,"  Paris,  1S!)7,  p.  253. 

^  Compt  rend.  Soc.  ds  biul.,  Vnri»,  1807,  p.  104. 

»  Ann.  de  l'/ntt.  Ptutenr,  Paris,  18!)7,  t  xi,  p.  37tf. 

♦  Ztxchr.f,  Hyg.,  Leipzig,  1898,  Bd.  XXTII,  S.  272. 

»  ZlKchr.f.  Hy(j.,  Leipzig.  1S99,  Bd.  xxx,  S.  19. 

"  Arch,  iuternat.  de  Pharmacodyu.,  Gand  et  Paris,  1S99,  voL  vi,  p.  290. 


extmcts  of  leucocytes  were  always  found  to  be  inavkedly  lees  active 
tbati  the  blood  aud  the  fluids  of  the  exudatious,  Gcugou  was  obliged 
to  oonie  to  the  conctusiou  that  the  agglutinins  cannot  be  regarded 
as  proilucts  of  the  cells  of  the  animal  body  ;  this  he  sums  up  by 
saving  that  "in  the  increase  of  tlie  agglutinative  power  of  its  blood 
the  organism  of  the  animal  plays  only  a  relatively  passive  pail" 
(p.  337). 

I  think  that,  in  spite  of  the  facts  established  by  Gengou,  his 
conclusion  can  scarcely  be  regarded  as  final.  The  agglutinative 
property,  developing  in  tlie  animal  body,  must  be  attributed  to 
some  cellular  influence,  because  we  know  that  the  prolonged  sojourn 
of  micro-organisms  in  tlie  animal  fluids  is  incapable  of  conferring 
on  them  this  power.  As  Gengou's  experiments  did  not  permit  hiui 
to  attribute  the  formation  of  agglutinin  to  any  formed  element,  it 
must  be  concluded  that,  although  perfectly  exact,  they  were  insuffi- 
cient t^)  solve  the  problem.  Gengou  killutl  his  animals  at  a  stage  when 
tJieir  blofxl  was  already  pretty  strongly  agglutinative.  At  this  stage 
the  organs  oidy  jwssessed  it  to  a  much  more  feeble  degree.  Perhaps, 
if  he  had  examined  his  animals  at  an  earlier  stage,  when  the  blood 
possessed  a  much  less  marked  agglutinative  power,  he  might  have 
obtained  a  more  powerful  agglutination  with  an  extretct  of  the 
organs^.  In  my  researches  on  the  resorittion  of  cells,  I  observed,  on 
several  occ^ons,  tiiat  the  abilominal  fluid  of  guinea-pigs  which  had  [279] 
received  an  injection  of  goose's  blood  became  agglutinative  before 
the  blood  serum.  Later,  however,  the  blood  exhibited  a  greater 
agglutinative  power  than  did  the  peritoneal  fluid.  If  to  this  fact 
we  atld  the  results  of  van  Emden's  experiments,  we  shall  be  tempted 
to  Jvssign  t<i  the  cells  found  in  the  peritoneal  e.\udation  and  in  the 
lymphoid  organs  a  share  in  the  production  of  the  agglutinin.  This 
quesstion  of  the  origin  of  the  agglutinative  power  is,  however,  a  very 
ditticidt  one,  and  it  is  impossible,  in  the  imperfect  state  of  our 
knowledge,  to  express  oneself  in  a  more  positive  fashion.  Fortu- 
nately, according  to  the  whole  of  our  data  on  this  phenomenon, 
the  part  played  l)y  agglutination  in  immunity  can  oidy  be  very  incon- 
siderable, and  we  may  be  allowed  to  consider  our  general  problem 
witltout  concerning  ourselves  over  much  about  the  origin  of  the 
agglutinative  proi)erty. 

.Vmong  the  definite  results  obtained  from  the  study  of  the  agglu- 
tinins, it  may  be  specially  pointed  out  that  these  substances  can 
in  no  way  be  identified  with  the  fixatives.     These  latter  were,  for 


266 


Chapter  IX 


long,  spoken  of  as  jrrereMlve  suhstnncfs.  They  are  so  termed  in 
tbe  early  papers  of  Jules  Bordet  treating  upon  this  question.  The 
explanation  of  this  designation  is  that,  for  a  series  of  years»,  the 
presence  of  the  fixatives  wjis  revealed  chiefly  by  the  preventive  or 
protective  property  of  the  niediu  whicii  cont;iined  them. 

To  gain  a  clear  conce|>tion  of  this  protective  property,  which 
occupies  so  injportîint  a  place  in  the  study  of  acquired  ininnuiity, 
we  must  go  back  to  an  epoch  in  our  science  when  it  was  sought 
to  prove  that  the  fluids  of  the  body  played  a  part  in  the  production 
of  immunity.  Shortly  after  the  earliest  researches  on  the  bacteri- 
cidal jK)wer  of  the  blood  had  been  made,  the  idea  of  applying  the 
results  obtained  in  this  direction  to  the  production  of  immunity  in 
animals  by  means  of  injections  of  blood  occurred.  The  first  step  in 
this  direction  was  taken  by  Ilichet  and  Héricourt'^,  who  succeedeti 
in  vaccinating  nibbits  against  a  variety  of  stfiphylococcus  by  means 
of  defibrinated  dog's  blood.  The  dog  is  naturally  refractory  against 
this  organism,  and  the  blood  of  a  normal  dog  exerci^ecl  a  certain 
vaccinal  or  protective  influence  on  rabbits  inoculated  with  the  staphy- 
lococcus. But  this  action  was  much  more  marked  when  Kichet  and 
[280]  Héricourt  etn|>loyed  the  dcflbiniated  blood  of  dogs  which  had  pre- 
viously received  inoculations  of  the  staphylococcus.  Shortly  after 
this  observation,  von  Behring-  made  his  discovery  of  antitoxins 
in  the  blood  serum  of  animals  immunised  against  tetanus  and 
«lilihtheria  toxins.  In  collaboration  with  Kitasato  he  demonstrated 
that  the  serum  of  these  animals,  when  injected  into  normal  animal^«, 
protected  them  against  intoxication  by  the  poisons  of  diphtheria 
and  tetanus.  This  gi'eat  discovery,  which  has  been  confirmed  on 
all  sides  and  extended  to  other  poisons,  gave  rise  to  the  view 
that  a  serum  exerting  any  protective  power  depends  solely  on  its 
property  of  impairiug  the  action  of  the  toxins.  A  more  careful 
study  of  the  phenomena  which  appear  under  the  influence  of  the 
serums  has,  however,  demonstrated  the  inaccuracy  of  this  view. 
I  was  able  to  furnish  the  proof*  that  the  blood  serum  of  rabbits 
vaccinated  against  the  micro-organism  of  the  Gentilly  pneumo- 
enteritis  prevented  normal  rabbits  from  contracting  a  fatal  infection. 
Nevertheless,  the  serum  exerted  no  influence  on  the  toxin  of  this 


1  Compt.  rend.  Aead.  d,  So^  Parb,  1888,  t.  cvir,  p.  7^0. 

*  Behring  u.  Kituato,  Deutsche  med.  Wehmchr.,  Leipzig,  1890,  R.  1113. 

*  Ann.de  Vlnit.  Ptuleur,  Paris,  1892,  t  vi,  p.  209. 
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micro-organ isiTi;  the  rabbits  that  received  the  ininimni  lethal  dose 
of  this  toxin,  mixed  with  serum  from  vacciuated  rabbits,  died,  ;is 
(lid  the  control  animals,  from  rapid  poisouiug.  It  was  evident  then 
that  this  serum,  which  prevented  infection  without  in  any  way 
liiitdering  intoxication,  could  n<it  be  classed  in  the  category  of  anti- 
toxic serums.  We  find  ourselves,  therefore,  in  the  presence  of 
a  new  property  of  the  fluids  of  the  body  to  M'hich  we  have  given 
the  name  of  protective  or  auti-htfi-ctu'C  power.  We  arc  driven  to 
this  conclusion  the  more  as  the  serum  iu  question  was  neither 
bactericidal  nor  ajiglutinativa 

This  discovery  was  soon  confirmed  by  R.  Pfeiffer*  for  the  choleni 
Tibrio,  Animals  vaccinated  against  this  organism  furnished  Pfeiffer 
^•ith  a  serum  which,  whilst  not  at  all  antitoxic,  was  distinctly  pro- 
tective when  injected  into  normal  giiiiiea-pigs.  It  protected  these 
animals  from  a  fatil  infection  by  the  vibrio  and,  when  injected  into 
the  |>eritoueal  cavity,  it  set  n[)  the  granular  transformation  of  the 
cholera  vibrios, — PfeifFer's  phenomenon.  Pfeiffer,  for  this  reason, 
gave  to  the  protective  anti-vjbrio  serum  the  name  of  bactericidal 
serum.  As  the  granular  transformation  was  produced,  under  the  [281] 
influence  of  this  serum,  with  cholera  vibrios  only  and  never  with 
other  species  of  vibrio,  Pfeiffer  gave  to  the  active  substance  in 
the  serum  the  name  of  sperijic  cliolera-antiboiiy.  This  substance, 
according  to  his  theory,  was  formed  in  the  animal  body  at  the 
expense  of  an  inactive  antibody  which  bectune  transformed  into  an 
active  substiince  under  the  influence  of  the  peritoneal  endothelium. 

The  possibility  of  thus  vaccinating  susceptible  animals  by  means 
of  the  serums  of  immunised  animals,  quite  apart  from  any  anti- 
toxic power,  was  easily  confirmed  and  extended  to  several  other 
infective  diseases.  PfeiflTer  and  Kolle-,  Fnnck^  Chantemesse  and 
Widal*  demonstrated  it  in  connection  with  the  experimental  disease 
produced  in  animals  by  the  typhoid  bacillus;  I^oefller  and  AbeF  for 
the  Bdcilfm  coli,  etc.  The  protective  or  anti-infective  power  of  the 
serum  and  other  fluids  of  immunised  animals  was  soon  recognised 
a»  a  general  property. 

«  ZiMchr.f.  //f/;/.,  Leipiip,  1894,  Bd  xvi,  B.  368;  1894,  Bd.  XVJtr,  S.  1. 

"  Z/*cAr.  /  //yj?„  Leipzig,  189«i,  Bd.  xja,  S.  203;  Dtuttcht  nud.  Wchntchr^ 
Leipzig.  I8»«,  SS.  18.%  730. 

'  "  Ln  sérothérapie  de  la  iiè?re  typlioïde,"  Bruxelles,  1896. 

♦  Bull.  Sftc  mid.  d.  hbp.,  Parin,  1893,  27  janvier. 

»  OntttiM.  f.  Bnkitriol.  u.  Fnrnnteni.  Jena,  1896.  l»»  Abt,  Bd.  XIX,  8.  51; 
Fettiehr.  t.  lOOjàhr.  Sliftiingnj'eUr  d.  med.  chir.  Fritdr.  IFUh.  Inititut»^  1896. 
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Pfeiffer  and  his  collaborators,  as  well  as  mauy  other  investi- 
gators, laid  «i>ecial  strena  on  the  bactericidal  character  of  these 
protective  fluid».  It  was  seen  that  the  serums  of  immunised  ani- 
mals were  often  almost  or  completely  incapable  of  killing  the 
correspoiuHng  micro-organisms,  but  they  were  still  regarded  as 
bactericidal,  l)ecau8e,  when  injected  into  the  peritoneal  cavity  of 
noriiiid  animals,  they  set  up  tlie  tninsformation  of  vibrios  into 
granules,  or,  in  the  case  of  other  bacteria,  determined  ceitain  phe- 
nomena of  extracellular  destruction.  Whilst  carrying  on  researches 
in  this  direction,  Frjinkel  and  Sobemhcini'  discovered  a  fact  of  great 
importiuice.  Tiiey  fuund  that  the  protective  substance  of  the  serum 
of  animals  vaccinated  against  the  vibrios  resisted  heiiting  to  70"  C. 
AVhen  submitted  to  tlie  influence  of  tliis  temperature,  the  senim  lost 
its  bactericidal  power  completely,  but  remained  quite  as  protective 
as  the  unheated  serum,  when  injected  into  susceptible  animals.  This 
experiment,  which  has  since  been  confirmed  repeatedly,  furnished 
us  with  a  means  of  sepai"ating  the  bactericidal  power  from  the 
[282]  i)rotective  jwwer  in  cases  where  both  were  present  in  the  same 
serum.  L;iter,  in  the  hands  of  Bordet,  it  proved  to  be  of  great 
service  in  connection  with  his  researches  on  the  concurrence  of  two 
substances  in  acquired  imnnniity. 

The  possibility  of  obùiiiiing  PfeiflTer's  phenomenon  outside  the  bo<ly 
by  "reactivating  '  the  protective  serum  witli  peritoneal  fluid  or  bUxxl 
serum  of  normal  unvaccinated  animals  has  still  further  facilitated 
the  study  of  the  action  of  the  two  substances  in  acquired  immunity. 
It  was  with  tlie  help  of  this  method  that  Bordet  was  able  to  furnish 
so  much  valuable  information  on  the  subject  of  anti-cholera  serums 
and,  later,  on  that  of  haemolytic  serums.  The  discovery  by  Ehrlich 
and  Morgenroth^  of  the  fixation  by  the  sensitive  elements  of  tlie 
heat-resisting  (thermostabife)  substance  (that  which  resists  a  tem- 
perature of  tJ5° — 7<i°  C.)  constitutes  a  new  and  important  acquisition 
to  the  study  of  acquired  immunity.  The  discovery  has  been  applied 
by  Bordet  to  micro-organisms,  and  since  then  it  has  been  found 
possible  to  study  much  more  precisely  the  mode  of  action  of 
specific  protective  serums. 

Even  l>efore  this  last  scientific  advance  had  been  made  it  was  jmjs- 
sible  to  determine  the  relations  between  the  protective  power  and  the 
agglutinative  power  of   the  fluids  of   animals    that   had  acquii-ed 

'  Hyplf».  Rundscliau^  Berlin,  1S94,  iv  Jahrg.,  BS.  97,  U5. 
»  Bed.  hliu.  Wchmchr.,  1899,  8. 6. 
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tnimunity.      Br>th    resist  about   the   same   temjieratures;    both  are 

found  in  the  blood  ])htsma  and  pass  into  tlie  fluids  of  exudations 

and  tmnsuilation^.     But  it  may  Iw  affirmed  with  certainty,  as  already 

ited,  that  the  two  jiroiHirtios  are  *|uite  distinct.     PfeifTer  has  laid 

reat  stress  on  the  fact  that  highly  protective  senuitâ  often  exhibit 

only  a  feeble  agglutinative  jrawer  and  vice  versa.     During  an  in- 

Testigation^  into  an  epidemic  of  typhoid  fever,  he  had  occasion  to 

tudy  the  serum  of  patients  convalescent  from  this  rlisease.     The 

tact  doHage  of  the  two  prot^rties  demonstrated  that  a  slightly 

inarke<l   agglutinative   property   might    be   associated   with   a  very 

jwerful  protective  property.    Gheorghieweky-  made  similar  obser- 

itions  on    animals   vaccinated    agaiufst    the    Bacillus  pyort/amttg. 

The  «emm  of  a  goat,  although  more  agglutinative,  invariably  prove<l 

to   be   less    pmtective   than   that  of  a    ndibit      A    simitar    result 

was  obtaine<l   with   the  serum   of   immunised  guinea-pigs,     "This [2833 

shows    distinctly  " — concludes  Gheorgiiiewsky — "  that   the   property 

j)o8ses8e4  by  serun^s  of  agglutinating  the  Bacillus  pyocyaneus  doea 

utit  march  i>arallel  with  the  protective  property  "  (p.  304).    Analogous 

examples  are  sufficiently  numerous  to  justify  us  in  accepting  the 

distinctiveness  of  the  two  properties  of  specific  serums. 

The  protective  or  unti-infective  substance  is,  therefore,  not  the 
Bame  as   the  agglutiniii.     But  are  wo  justified  in  regarding  it  as 
identical  with  the  fixative  substiince,  or  fixative  (sensibilising  sub- 
stance, immunising  or  intermediary  substance,  or  andjoceptor)  ?  From 
\c  fact  that  the  fixative  was  at  first  rightly  designated  by  Bordet 
protective  substance  we  should  conclude  in  the  affirmative.    The 

I  question  is  an  important  one  and  merits  close  examination.  The 
iiscovery  of  an  exact  method  of  determining  the  presence  of 
Bxatives  has  rendered  it  possible  to  ascertain  whether  these  sub- 
KanceK  are  always  found  in  the  protective  fluids  and  also  whether 
BO  presence  of  fixatives  necessarily  implies  the  protective  power 
bf  the  serums. 

The  first  of  these  questions  has  been  answered  in  the  affirmative. 
.\11  the  protective  serums  studied  from  this  point  of  view,  by  Bordet 
Klld  (icngou,  were  found  to  be  endowed  with  very  distinct  fixative 
)roperties.  They  also  found  the  specific  fixative  in  the  scrum  of 
inea-pigs  immunised  with  the  attenuated  bacilli  of  the  first  v.iccine 
Pustcur.    Now  tliis  serum  is  iwwerless  to  prevent  the  production 

'  "Tjphu8cj»idemien  und  Trinkwasser,"  Jena,  1898,  S.  26. 
*  Ann.  <t>'  rintl.  Patleur,  Tarii»,  1"<199,  t.  xni,  p.  298. 
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of  fatal  infection  in  mice  iuto  which  is  sinmltaneously  injected  tne 
bacillus  of  tlie  first  vaccine.    Consequently  a  fixative  fluid  is  not^J 
necessarily  protective.    This  is  in  accordance  with  the  fact  that  th^^f 
inici"o-org:uiiani8  that  have  absorbed  the  fixative  may,  neverthelet*», 
retain  their  virulence.     We  have  already  cite*l  the  experiment  o^^ 
Messnil  that  the  bacilli  of  swine  erysipelas,  mixed  M'ith  the  sjiecifici^l 
sernui  and  then  deprived  of  this  fluid,  produce  a  fatal  infection  in 
mice.    We  have  als«>  drawn  attention  to  the  fact,  denionstnited  by 
Sawtchenko,  that  anthrax  bacilli,  obtained   fi"om   the   exudation  of 
immunised  rats,  give  rise  to  a  fatal  anthrax  in  normal  guinea-pijipj 
and  rats.    The  experiments  of  Bordet  and  Gengou  proved  that  there 
is  abs<3rptiou    of   the   fi.xative    substance   by   the   bacilli   of   swine 
erysipelas  and  of  anthrax  when  placed  in  ctmtact  with  the  specifid^H 
serums  of  the  imnuiiiised   animals.     In   order  that  the  protectiv^^ 
power  may  manifest  itself  a<le<iuately,  therefore,  Ijesides  the  fixative 
substance,  some  other  factor  capable  of  acting  is  also  necessary. 
[284]       In   coiutection   with   my  work  on  immunity  against  the  micro-" 
organism  of  swine  pneumo-enteritis  I  was  able  to  demonstrate  that 
the  serum  of  vaccinated  rabbits,  incapable  of  preventing  the  multi- 
plication of  the  specific  cocco-bacillus,  is  also  powerless  to  deprive  it 
of  its  virulence  ;  it  is  witliout  the  power  of  causing  its  agglutination 
or  of  neutralising  its  toxin.     In  short,  this  serum  appears  to  exercis^H 
no   direct  action   on  the  micro-organism,  yet,  in  spite  of  that,  it^^ 
prevents  its  pathogenic   action.      With    these    results    before   me, 
I  was  led  to  assume  a  certain  stimulating  action  of  the  serum  on 
the  defensive  elements  of  the  animal  organism  and  especially  on  the 

phagocytic  system.    The  discovery  of  the  fixative  property  of  semms 

would  lead  us  to  believe  that  this  stimidatiou  was  entirely  useles^^H 
and  that  the  permeation  of  micro-organisms  by  the  fixative  waS^^ 
amply  sufficient  to  bring  about  their  destruction  and  removal  from 
the  animal.  A  living  micro-organism  in  its  normal  for-m,  endowed  with 
full  virulence  and  provided  with  its  fighting  weapon,  the  toxin,  but 
at  the  same  time  permciited  by  the  fixative  subsUince,  might  behave 
in  the  animal  in  some  special  way.  It  might  excite  a  strong  posi- 
tive cheraiotaxis  of  the  leucocytes  and  be  ingested  and  destroyed  by 
these  cells  with  greater  facility.  A  priori,  there  would  be  nothing 
to  object  to  in  this  view,  but  certain  facta  are  oiiposed  to  it  Tims, 
in  the  case  of  micro-organisms  Just  cited,  we  see  bacteria,  permeated 
not  only  with  the  fixative  but  also  with  cytases,  ca])able  of  pro<lticing 
a  fatal  infection.     We  are  thus  compelled  to  accei>t  the  theory  of  an 


Influence  of  protective  serums  not  only  on  the  micro-orgauisraa  but 
aliMi  on  the  organism  of  the  animal  into  which  they  are  introduced. 
As  this  influence  manifests  itself  in  the  form  of  a  strong  phagocytosis, 
it  i«  only  natural  tliat  we  should  attribute  it  to  the  existence  of 
a  »tiiniiliititi{f  action,  of  the  serums  of  vaccinated  animals  on  the 
phagocytes  of  the  normal  animals.  The  detailed  analysis  of  the 
mechanism  of  the  immunity  acquired  as  the  residt  of  the  injection 
of  these  serums,  as  we  shall  attempt  to  prove  in  the  following 
chapter,  in  many  cases  confirms  this  view. 

The  important  part  played  by  the  stimulation  of  the  phagocytic 
reaction  in  acquired  immunity  is  supportefl  by  yet  another  series  of 
fact*  and  from  a  diflereut  side.  It  has  been  clearly  established  that 
not  only  the  serum  of  immunised  animals  but  also  that  of  normal 
man  and  normal  animals,  themselves  susceptible  to  the  pathogenic 
action  of  the  micro-organisms,  protects  the  animal  organism  against 
infection.  This  fact  was  first  demonstrated  in  connection  with  re- 
•eorches  on  the  vaccination  of  guinea-pigs  against  the  experimental  [286] 
peritonitis  produced  by  the  cholera  vibi-io. 

G.  Klemperer^  was  the  fii-st  to  observe  that  the  blood  of  several 
individuals  who  had  never  had  cholera  was,  nevertheless,  in  t!ie 
case  of  guinea-pigs,  protective  against  peritoneal  iufcctiou  by  the 
cholera  vibrio.  He  concluded  therefrom  that  the  individuals  who 
had  furnished  this  protective  blood  possessed  immunity  against 
cholera.  Soon  afterwards  I-  was  able  to  extend  analogous  re- 
searches over  a  large  number  of  persons  and  to  show  that  the 
protective  power  of  the  blood  is  of  very  wide  distribution  in  human 
Ijcings.  But,  instead  of  assumixvg  that  all  these  individuals,  whose 
fluids  protect  the  guinea-pig  from  peritoneal  infection,  possess  a 
natural  immunity  against  cholera,  I  came  to  the  conclusion  that 
the  protective  power  of  the  blood  cannot  be  ttiken  as  a  measure 
of  the  immunity  of  the  individual  from  whom  the  blood  was  drawn. 
Here  again  I  assumed  a  stiumlunt  action  of  the  human  blood  on 
the  phagocytic  reaction  of  the  guinea-pig,  looking  upon  it  as  quite 
natural  that  the  blood,  capable  of  exciting  the  reaction  in  an  alien 
Hninial,  might  remain  inactive  in  the  body  of  the  animal  which 
furnished  it. 

R  Pfeifler*  has  given  much  attention  to  the  protective  action 

^  B«rl.  kliti.  IVehntekr.,  1892,  S.  970. 

*  Ann.  derivit.  Piutrtir,  Pari»,  18«3.  t.  vn,  p.  411. 

♦  ZUckr.f.  Uyij^t  hK:\\m^,  ISy*,  Bd.  xvi,  8.  2G8. 
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of  seninis;   he  has  laid   special   stress  on  the  essential  <liffcrcnce 
lietween  the  influence  of  normal  serums  and  of  those  obtained  fro 
animals  that  have  acquired  immunity.    Whilst,  in  order  to  obtai 
a  protective  effect  with  the  normal  blood  or  senini   of  man  an 
animals,  it  is  necessary  to  inject  a   considerable   quantity  (froi 
0*5   c^,    upwards),    the   specific   serum,  i.e.    serum   obtained    fn>! 
persons  recovered  from  cholera  or  from  animals  vaccinated  against 
tlie  cholera  vibrio,  is  active  in  a  very  minute  dose.    Sometimes  the 
cholera  peritonitis  of  the  guinea-pig  is  prevented  by  a  fraction  of 
a  milligramme  of  such  serum^    Based  on  these  facts,  PfeiflTer  h 
expressed   the   view   that   the   normal   serum  acts  by   stimulatin; 
the  natural  powers  of  defence  of  the  animal,  whilst  the  specific 
seram  exercises  its  influence  in  virtue  of  the  property  of  cau«iing 
the  formation  of  a  special  j^ecretion  which   acts  only  against  the 
niicro-orgunisin  wliicii  served  for  the  production  of  the  ininmnity. 
Pfeiffer  and  his  collaborators  liave  denionstratert  tliat  normal  serums 
are  protective,  not  ouly  against  the  cholera  vibrio,  but  also  against 
several  other  micro-organisms,  e.g.  the  typhoid  bacillus.     One  of  bis 
[2S6]  pupils,  Voges-,  l>elieved  that,  in  certain  infections,  the  protective 
power  of  normal  blood  might  be  greatly  exaggerated,  and  that, 
in   these  cases,   the  limit  between   the  activity  of  normal   and  of 
specific  seiniras  might  be  almost  completely  etfaccd.     He  affirmed, 
especially,  that   very   small   doses  (O'l  c.c.)  of   blood   serum   from 
a  normal  guinea-pig  was  quite  sufficient  to  prevent,  in  other  guinea- 
piga,  a  fatal  infection   by  the   micro-organism  of  hog  cholera  an^H 
its  allies.     As  this   fact  might   be  of  general  application  I  aske^^" 
M.  Saltykoff*,  who  was   working  in  my  laboratory,  to  verify   the     , 
statements  of  Voges.     Several  series  of  experiments  demonstrate^H 
the  incorrectness  of  the  contention.    Tlie  small   doses  of  norma^^ 
serum  of  guinea-pigs,  indicated  by   Voges,  were  found  to  be  ab- 
solutely incapable  of  protecting  against  the  virtis  used  by  him  in 
his  experiments. 

The  fact  that  normal  serums,  injected  in  sufficiently  large  dosesi, 
exhibited  an  undoubted  protective  property,  affords  additional 
proof  that  this  property  cannot  be  identified  with  the  fixative 
power.  The  latter  wa.s  present  in  serums  which  were  not  pro- 
tective ;  here,  then,  we  have  the  inverse  phenomenon  and  we  se 

>  See  Lazarus,  Bert.  Min.  Wchmchr.,  1892,  a  1072. 
»  ZUchr.f.  Hyg.,  Leipzig,  1896,  Bd.  rxni,  8.  149. 
'  Ann.  de  Flimt.  Pasteur,  Pari»,  1902,  t  xvi,  p.  94. 


normal  serums  exercise  their  protective  action  although  they  contain 
uo  fixative.  This  follows  from  Bordet  and  Gengou'a  exinriment* 
dn^iuly  described,  according  to  which  the  cytases,  placed  in  contact 
with  micro-organlBmu  in  normal  serums,  remain  free,  simply  because 
of  the  absence  of  fixatives. 

We  are  led,  then,  from  these  demonstrations  to  recognise  the 
pfreeence  of  stimulins  not  only  in  specific  serums,  but  also  in  normal 
aemms.  Between  the  two  there  is  this  diflerence  that,  when  appliwl 
with  the  normal  fluids,  the  stinuilins  alone  act,  whilst  when  injected 
with  the  serum  of  the  animal  enjoying  acquired  immunity  the  action 
of  the  stimulins  is  facilitated  and  reinforced  by  the  fixatives  or 
sometimes,  perhaps,  by  the  agglutinins. 

Tlie  stimulating  influence  of  certain  noimol  serums  may  be  so 
considerable  that  it  may  prevent  infection  by  the  micro-organism, 
injected  at  the  same  time  in  a  dose  many  times  more  than  lethal. 
Wtuecrmann'  protected  guinea-pigs  by  it^ecting  into  the  peritoneal  [2S7] 
cavity  a  quantity  as  great  as  40  times  the  lethal  dose  of  typhoid 
bacilli,  by  introducing  at  the  same  time  and  at  the  same  place  3  ce. 
of  normal  rabbit's  serum,  heated  to  60°  C.  Besredka^  who  confirnted 
this  observation,  has  analysed  its  special  mechanism.  He  showed 
U)at  the  senim  exercises  a  very  marke<l  stimulating  influence  on 
the  guinea-pig's  leucocytes,  which  then  exliibit  a  truly  extraordinary 
phagocytic  activity.  They  are  seen  to  act  in  the  peritoneal  fluid, 
but  they  are  much  more  active  in  the  region  of  the  omentum,  where 
the  leucocytes  gorge  themselves  with  micro-organisms,  devouring 
them  by  dozens.  The  stimuluting  action  of  the  heated  rabbit's  serum 
is  exercisecl  in  a  similar  fashion  if,  instead  of  micro-organisms,  grains 
of  carmine  be  injected.  Very  shortly  after  the  commencement  of 
the  experiment  very  little  carmine  is  found  outside  the  cells  ;  it  is 
idl  either  ingested  by  individual  leucocytes,  if  the  grains  are  small, 
or  surrounded  by  numerous  leucocytes  when  the  grains  are  massed 
together  ;  this  phagocytosis  is  most  dcvelopctl  in  the  region  of  the 
omentum,  exactly  an  in  the  case  of  typhoid  bicilli. 

These  facts,  which  so  clearly  demonstrate  the  stimulating  action 
of  the  normal  rabbit's  serum,  prove  in  another  way  that  the  stimulin 
resists  heating  to  6»°  C,  and  that,  in  this  respect,  it  resembles  the 
agglutinins  and  fixatives.  This  may  afford  U8  an  indication  aa  to  the 
nature  of  the  stimulating  sulwtance.    The  possibility  of  obtaining  an 


'  DeiiUcJie  méd.  Wchmeht:,  Leipzig,  1901,  S.  4. 
•  Ann.  de  fliut.  Patteur,  Pari»,  1901,  t  xv,  p.  20», 


16 


274 


Chapter  IX 


[288] 


antistinjulin   gives  us  another   valuable   indicatiou,    Wassennann, 
in  the  work  we  liave  just  cited,  showed  that  the  serum  of  a  rabbit, 
previously  treated   with  guinea-pig's  seruu»  and  injected  under  the 
same  conditions  as  in  the  experiment  with  iionnal  rabbit's  serum,  has 
completely  lost  its  jjrotective  power.    The  tyjihoid  bacilli  multiply— 
freely  in  the  iieritoueal  cavity  and  the  organism  of  the  guinea-pig!| 
is  incapable  of  opposing  a  sutHcient  resist;ince.    Wassermann  thinks 
that,  in  this  case,  the  disease  becomes  grave  because  of  the  anticytase 
found  in  the  serum  of  i-abbits  treated  with  guinea-pig's  blood.    There 
is  no  doubt  that  this  serum  is  really  anticytasic.     But  as  the  free 
cytases  found  in  the  peritoneal  cavity  of  a  guinea-pig  inoculated  at 
the  moment  of  phagolysis,  become  inactive  under  the  influence  of 
the  anticytase  and  play  merely  a  minor  part,  it  is  imi)OS8ible  to  ao^ 
cept  the  German  investigatoi-'s  interpretation.     Indeed,  Besredka  has^ 
proved  that,  in  this  case,  it  is  the  aiitiphagocytic  or  anti>^timulant 
action  of  the  rabbit's  serum  ivliich  brings  about  the  fatal  issue  iu 
the  aise  of  the  typhoid  inoculation. 

We  have  laid  stress  on  the  point  that  an  animal,  whose  serum  is 
protective  when  introduced  into  another  animal,  may  itself  not  be 
refractory  against  the  specific  micro-organism.  As  regards  the  serum 
of  normal  unvaccinatcd  animals  this  jjas  been  so  fully  demonstrated 
tliat  nowadays  no  one  doubts  it.  The  question  is  more  complicated 
in  the  case  of  animals  that  have  acquired  immunity.  As  in  the 
great  majority  of  cases  the  serum  of  tlici^e  animals  is  found  to  be 
endowed  with  a  very  great  protective  power,  it  has  been  accepted 
as  proved  that  the  animal  which  furnishes  it  must  itself  possess 
great  immunity.  The  degree  of  protective  power  has  even  been  taken 
as  the  measure  of  the  acquired  immunity.  Thus,  the  numerous 
attempts  to  vacciniite  the  liUTuan  subject  against  typhoid  fever,  ™ 
undertaken  iu  consetpience  of  the  researches  of  Pfeiflbr  and  Kolle*,^ 
were  based  on  the  fact  that  iu  these  cases  the  serum  of  vaccinated 
individuals  acquires  a  great  protective  power.  It  was  argued  that 
if  this  power  is  present  it  can  only  be  due  to  the  acquired  immunity 
of  the  individuals  who  furnish  such  a  serum.  Undoubtedly  the  pro- J 
tective  property  of  the  fluids  and  the  resistance  are  often  equal  ;  but  ™ 
it  is  none  the  less  tnie  that  there  are  cases  where,  in  spite  of  this 
property  being  markedly  developed,  the  animal  that  furnishes  the 
protective  .«enun  is  susceptible  to  the  action  of  the  micro-organism  _ 
and  may  even  succumb  to  infection  therewith. 

1  Zttchr.f.  Hyg.,  Leipzig,  I890,  Bd.  xn,  8.  203. 


As  the  hypotbeëis  just  lueutioued  is  of  ini{)orta.uce  from  a 
geoci'ul  poiut  of  view  it  must  be  supported  by  adequate  proof.  It 
was  during;  the  course  of  the  vacciuatioa  of  rabbita  against  tiio 
njicro-orgaiiisui  of  the  pucuuio-enteritis  epidemic  nt  Gentilly  that 
I  was  first  able^  to  assure  myself  of  its  aceuntcy.  I  noticed  that 
some  of  these  rabbits,  altboi^yli  vaccinated,  ultimately  succumbed 
to  pyaemia,  set  up  solely  by  this  niicro-organisim.  Tliey  "ivere  con- 
fiequently  uot  refractor)'  against  the  diseiise,  and  yet  their  blood 
«erum,  when  injected  into  normal  rabbits  along  with  an  absolutely 
fatal  doH"  of  uiicro-orgauisnis,  was  found  to  be  highly  protective. 
This  observation  drove  me  to  the  conclusion  that  the  protective 
|K)wer  is  not  a  function  of  ininmnity  and  caiuiot  be  received  as  a 
measure  of  this  imtimtiity.  Analogous  facts  have  since  been  demon- 
strated in  certain  other  cascïi.  Tims,  Pfeiffer'  on  several  occjusions  has  ['289] 
found  that  guinea-pigs,  highly  immunised  against  the  cholera  vibrio, 
have  succumbed  after  the  injection  of  a  moderate  quantity  of  these 
organisms.  "Un  post-mortem  examination  of  these  cases  living 
vibrios  were  found  in  the  peritoneal  cavity,  sometimes  in  considerable 
Dumbers  ;  and  yet  minimal  doses  of  the  heart  blood  given  to  normal 
guinea-pigs  caused  in  tiiese  animals  a  very  marked  breaking  down  of 
the  vibrios;.  '  Alongside  these  facts  may  be  i)laced  others,  describetl 
in  the  preceding  chapter,  of  well-immunised  animals  dying  from  infec- 
tion, after  they  had  been  M'eakened  by  opium,  cold,  or  other  lowering 
agent.  It  is  clearly  seen,  then,  that  for  the  manifestJition  of  acquii-ed 
immunity  it  is  necessary  that  the  reaction  of  the  living  cell  elements 
fthould  tiike  place  without  let  or  hindrance.  When  tliis  reaction  fiuls, 
the  possession  of  even  great  protective  power  is  insuflicient  to  prevent 
the  immunised  animal  from  contracting  a  fatal  infection. 

If,  in  acquired  immunity  against  micro-organisms,  it  is  really  the 
cell  defence  which  plays  the  most  important  part,  we  am  reatlily 
imagine  cases  where  it  by  itself  can  confer  immunity  without  calling 
in  the  co-operation  of  the  protective  power  of  the  fluids.  When  in 
this  connection  we  study  the  resistance  of  an  animal  against  various 
pathogenic  organisms,  we  note,  first  of  all,  the  very  great  variability 
that  exists  in  the  production  of  the  acquired  humoml  properties.  It» 
certain  cases,  as  in  vaccination  against  vibrios  or  typhoid  bacilli,  the 
senun  very  readily  becomes  not  only  protective,  but  agglutinative 
and  fixative.    In  other  cases  these  projjerties  develop  with  difliculty 


*  Ann.  </<*  fititt.  Poilfur,  Puris,  1892,  t.  vi,  p.  300. 
■  Zttchr.J'.  Hyj.,  Loi|izii,',  lays,  Ikl.  xn,  S.  si 
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and  are  only  manifested  after  a  long  period  of  vaccination.  Such 
the  case  with  antlirax.  After  the  discovery  of  protective  seruii 
numerous  attempts  were  made  to  obtain  a  serum  protective  aguini 
the  anthrax  bacillus.  Several  observers  failed  in  their  attempts, 
others  were  more  fortunate.  Sclavo^  and  Marchoux^  were  the  first 
to  succeed  in  obtaining  a  protective  serum  from  animals  liyper- 
immuni^ed  a^inst  anthrax.  They  were  able  to  show  that  tl 
serum  of  sheep,  treated  first  with  vaccines  and  then  rei>eatcd 
with  anthnix  virus,  would  protect  rabbits  against  a  fatal  dose 
(2<X)]  of  the  bacillus.  Marchoux  even  obtained,  with  hyperiramunise 
rabbits,  a  serum  which  prevented  normal  rabbits  from  contract? 
ing  fatal  anthrax.  Sobemheim*  was  less  fortunate  in  his  first 
experiments.  He  satisfied  himself  that  the  blood  serum  of  cattle 
that  had  recovered  spontaneously  from  anthrax  or  that  had  been 
vaccinated  according  to  Pasteur's  method,  was  absolutely  unable  to 
protect  small  animals  against  the  anthrax  bacillus,  and  his  h>-pcr- 
vaccinated  rabbits  furnished  senims  of  doubtful  activity.  It  >vaMM 
only  later  that  he  succeeded*  in  obtaining  bettt-r  results  :  espccial^^l 
when  he  used  sheep.  Even  then  he  found  that  in  the  pnKÎuction 
of  the  anti-infective  proj>erty  the  iiiilividuality  of  the  imnuinised 
animals  liiid  a  dominant  influence.  Thus,  in  two  sheep,  treated  in 
exactly  the  same  way,  the  senim  of  one  was  foiuid  to  be  incapable  of 
protecting  a  rabbit,  whilst  that  of  the  other  exhibited  an  undoubted, 
altliough  feeble,  protective  ]»ower. 

But  what  is  of  greater  interest  to  us,  from  our  point  of  view, 
that  guinea-pigs  which  have  been  vaccinated  against  anthrax  anc 
which  enjoy  a  considemble  immunity  against  this  «lisease,  exhibit  no 
protective  power.  In  a  letter  from  Behring  I  learnt  that  this  fact 
had  for  the  first  time  been  dcnionstnited  by  Wernicke  in  experiments 
carried  out  in  the  Hj'gienic  hisititute  at  Marburg.  After  repeated 
and  painstaking  attempts  this  observer  succeeded  in  vaccinating 
guinea-pigs  agjxiu.st  enormous  doses  of  virulent  anthi-.ix  bacilli.  Tlie 
serum  from  the  animals  so  immunised  was,  however,  quite  incapable 
of  protecting  normal  guinea-pigs  against  a  fatal  infection.  This  result 
•was  the  more  extraordinary  since  Wernicke's  pigeons,  likewise  va 

>  [Centra/ht.  /.  Bakteriol.  «.  ParatitauL,  Jena,  1895.  Bd.  xvin,  8.  744];  Riv^ 
dig.  e  San.  PuW.,  Torino,  1896,  t  vn.  nog.  18— 19  ;  ibid.  1901,  L  Xir,  p.  212. 
'  Ann.  <*■  rjniit.  PatU'ur,  Paris,  1895,  t  IX,  p.  785. 
»  Zlidir./.  Hjii/.,  Leipzig.  1897,  Bd.  ixv.  S.  301. 
«  Zttcttr.f.  Hyg,,  Leipzig,  1S9»,  Bd.  xxxi,  8.  89. 
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cinated  againbt  anthrax,  gave  a  serum  whose  protective  power  was 
quite  (liHtiuct.  Realising  the  great  importance  of  these  facta  I  asked 
AL  de  Xittis'  to  repeat  these  experimcuts  in  my  laboratory.  The 
vaccination  of  pigeons  is  an  easy  matter,  but  that  of  guinea-pigs 
presents  great  difliculties.  He  succeeded,  nevertheless,  in  vaccinating 
come  of  these  rodents  very  highly,  and  tiiis  enabled  him  to  compare 
the  protective  power  of  the  blood  serum  in  the  two  species.  That  of 
the  vaccinated  pigeon  was  found  to  be  endowed  witli  this  power  and 
protected  guinea-pigs  and  mice  against  virulent  anthrax.  The  seniui 
of  the  immunise<l  guinea-pigs,  on  the  contrary,  exhibited  no  pro-  [291] 
tective  property,  ju.st  its  in  Wernicke's  experiments.  The  guinea-pigs 
and  n)ice,  into  which  this  scrum  was  injected  at  the  same  time  as 
the  anthrax  bacilli,  died  even  when  atteuuateil  anthrax  was  used. 
We  have,  then,  in  this  case,  an  example  of  ac<iuircd  immunity,  inde- 
pendent of  any  protective  power  of  tlie  flui<ls  of  the  Ixidy. 

In  the  course  of  their  researches  on  the  bacillus  isolated  by 
R.  Pfeifler  from  i>ersons  attacked  by  influenza,  Delias  and  Kolle- 
tried  to  vaccinate  susceptible  animals  (guinea-pigs)  against  this 
minute  organism  and  to  imnmnitjc  animals  naturally  refractor)'  (dog, 
fiheep,  goatj  against  fairly  large  doses  of  cultures.  They  succeeded 
in  vaccinating  guinea-pigs  agsdnst  ten  timcê  the  lethal  dose,  but 
never  obtained  any  protective  serum.  Nor  did  the  other  animals 
that  were  treated  funiish  a  protective  serum,  "From  the  whole  of 
our  experiments  carried  on  for  several  yeare" — conclude  Delius  aud 
KoUe — "it  is  quite  evident  that  we  were  unable  to  produce  any 
appreciable  change  in  the  blood  by  the  use  of  those  methods  which 
have  pn.Mluced  si>ecific  immunising  serums  against  other  bacteria 
such  as  the  bacilli  of  dii^htlieria,  cholei-a,  typhoid  fever,  and  '  blue 
pus'"  (p.  345,.  Slatineano  undertook  a  detailed  study  of  Pfeiffer's 
bacillus  in  my  labonitory,  but  he  found  it  impossible  to  demonstrate 
any  unquestionable  protective  effect  exerted  by  the  blood  serum  of 
Tacciiiateil  guinea-pigs  iipcui  normal  guinea-pigs  inoculated  with  a 
fatal  tlose  of  this  organism.  We  are  not  justified,  therefore,  in  classing 
thiâ  bacillus  with  the  anthrax  biicillus  ;  we  may,  however,  cite  it  as 
an  argument  illustrating  the  difficulty  that  is  met  with,  in  certain 
examples  of  accjuired  immunity,  of  discovering  the  protective  power, 
when  feeble  and  masked. 

The  inoculation  with  micro-organisms  of  animal  nature  cause»  the 

'  Ami.  tig  r hut.  PaHfur,  ï'ariâ,  1901,  U  XV,  p.  769. 
*  Zhilir.f.  II'JQ.,  Leipzig,  1897,  BiL  xxiv  S.  327. 
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development  of  acquired  iummnity,  but  in  this  case  the  projMîrtîes 
of  tlie  fluids  of  the  lx)dy  are  but  little  in  evidence  or  they  may  bo 
even  nil.  \jei  us  return  to  the  example  of  the  Tri/pannsoina  of  the 
rat  wliich  excites  in  vaccinated  animals  a  protective  and  weakir 
agglutinative  power  of  the  scnuii.  This  fluid,  however,  is  usually 
found  to  be  incapable  even  of  rendering  the  flagellated  parasites 
motionless. 

The  question  of  immunity  against  malaria  has  been  much  dis- 
[292]  cusseil.  It  is  well  known  that  a  first  attack  of  this  disease,  RO  far 
from  conferring  any  immunity  of  tlie  slightest  «iurability,  leaves  a 
certain  jtredispositiun  to  another  attack.  In  spite  uf  this  the  study 
of  niuliiria  in  various  countries  and  in  individuals  belonging  to 
diflFerent  races  has  demonstrated  tliat  there  docs  indeed  exist  a 
certain  degree  of  acquired  immunity  against  this  disease.  During 
recent  years  Koch^  has  paid  special  attention  to  this  subject  and  has 
furnished  us  witli  very  valuable  data,  based  especially  on  a  com- 
parative study  of  the  blood  of  children  and  adults.  The  frequency 
of  Laveran's  parasite  in  the  former  aud  its  rarity  in  the  latter,  have 
led  him  to  the  conchisiim  that  infantile  malaria  sets  up  an  immunity 
which  persists  in  the  a<hilt.  Morcuvcr,  it  has  been  established  that 
in  malarial  countries  the  indigenous  iidiubttaiits  exliibit  an  attenuatetl 
form  of  the  disease,  unaceoui[)aiiied  by  acute  attacks,  but  with  phe- 
nomena that  are  clironic  and  very  slow  in  development. 

In  spite  of  the  existence  of  a  certain  degree  of  acquired  im- 
munity against  malaria,  all  attenvpts  to  dentonstrate  any  protective 
action  of  the  serum  have  been  fruitless.  Celli-,  indeed,  injected,  as  a 
preventive,  the  bluod  sernm  of  individuals  who  had  recovered  from 
malaria  or  of  othei-s  who  were  bled  during  the  period  of  defer- 
vescence following  an  acute  crisis  of  this  disease,  but  in  every 
instance  these  injections  were  found  to  bo  useless  in  preventing  an 
attack  of  malaria. 

We  can  readily  understand  that  in  a  disease  which  is  exclusively 
human,  such  as  malaria,  it  has  not  been  possible  to  perform  a 
sufficient  number  of  experiments  to  decide  the  question  of  the 
protective  property  of  the  blood.    In  this  respect  we  shall  have 


1  DeutMhe  med.  JVchnichr.,  Leipzig,  1900,  S.  781. 

'  "  La  Malaria  secondo  le  nuovo  recherche,"  Roma,  1809,  p.  86  [translated  Into 
Ejiglish  I))'  Kyre  from  the  2iid  Italian  edition  under  the  title  "  Malaria  according  to 
the  new  researches,"  London,  1 900].  "  Cio  Malaria  "  [GetTnau  translatioa  of  same]  iu 
Bchring's  "  fieitriigo  r.  eiper.  Thérapie,"  IflOO,  Bd.  i,  Hft  3. 


grofttcr  cliancc  of  obtaining  satisfactory  data  if  Ave  direct  our 
tion  to  some  analogous  disease  attacking  cue  of  the  lower  auinials. 
Such  a  disease  m'o  have  in  Texas  fever,  occurring  in  the  Bovidae, 
as  the  result  of  the  action  of  an  aiiitnal  parasite,  Pirophsma 
hûjemfnimL,  which  invades  the  red  blood  corpuscles  much  as  Laveran's 
parasite  invades  those  of  the  liuman  subject. 

As  mentioned  in  the  preceding  chai)ter,  Smith  aiul  Kilbnme 
and  Koch  have  demonstrated  that  the  Boridae  may  acquire  a 
real  immunity  against  Texas  fever.  Nicolle  and  Adil  Bey»  at[-2'J3] 
Constantinople  found  indigenous  races  tiiat  exhibited  a  remarkable 
immunity  against  the  Piroplasma.  Having  demonstrated  this  fact 
the  idea  occurred  to  them  to  inoculate  these  refractory  aittle  with 
very  large  quantities  of  vindent  blood  and  to  make  use  of  the  serum 
from  animals  so  treated  for  the  prevention  of  infection  in  susceptible 
races  of  Bovidae.  This  experiment  gave  negative  results.  Lignières^ 
elaborated  a  sjMJcial  method  of  vaccinating  susceptible  Bovidae  and 
was  successful  in  obtaining  very  encouraging  results.  A  commission 
of  veterinary  surgeons  from  Alfort'  appointed  to  verify  these  observ- 
ations came  tf>  the  conclusion  that  "the  vaccination  as  ctinied  out 
bj  Lignières  was  absolutely  ctFective." 

Lignières  also  carried  out  researches  on  the  protective  power  of 
the  blood  serum  of  his  immunised  cattle.  In  a  communication  to 
the  Interiiutioiial  Congress  of  Medicine,  held  in  Paris  in  190U,  he 
gtatcd  that  the  injection  of  several  hundred  cubic  centimetres  of  this 
fluid  did  not  protect  normal  animals  against  infection.  Wc  must 
conclude,  therefore,  tliat,  here  also,  we  have  another  example  of 
acquired  immunity  unaccompanied  by  tlie  presence  of  any  protective 
property  of  the  blood  tiuid. 

These  results  have  received  confirmation  from  a  most  authoritative 
source.  Nocard  htus  kindly  communicated  to  me  the  fact  that  he  has 
tried  in  vain  to  confer  immunity  on  normal  dogs  into  which  he  has 
injected  blooii  serum  coming  from  dogs  that  had  recovered  from  the 
disease  produced  by  a  hacmatozoou  closely  allied  to  that  of  Texas 
fever  or  serum  from  sheep  immunised  with  blood  from  the  affected 
dogs. 

Looking  at  the  dat^i  we  have  just  summarised  us  a  whole,  we  are 

>  Ann.  de  Ffntt.  PatUur,  PariB,  1899,  t  xni,  p.  343. 

*  "  Ln   '  Tristeza  '  ou   Malaria  borine  dam  la  République  Argentine,"  Boenos 
Avren,  190u.  p.  142. 

*  Bulk  Soe.  eeittr.  de  mitt,  eélérin.,  Pitrit»,  19<iO,  séances  de«  12  et  26  juillet. 
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comiielled  to  recognise  that,  on  the  one  linn<],  tlie  protective  power  of 
the  body  fluids  may  coincide  witli  a  susceptibility  to  the  corre- 
spondrng  micro-organism,  and  that,  on  the  otlier,  real  acquired 
immunity  may  exist  without  any  manifcHtation  of  this  humoral 
property,  especially  as,  even  in  immunised  animals,  the  acquired 
ininiunity  often  iici>iiï?t.s  longer  than  doess  this  property.  It  muj^t 
be  accepted  tlieii,  that,  in  this  innnunity,  there  exists  something 
other  than  the  powers  of  tlie  fluids  of  the  body,  that  is  to  say,  the 
factor  which  phiys  the  predominant  part  is  to  be  sought  for  in  the 
[294]  cellular  clenientM.  We  need  only  recall  tlic  many  facts  collected  in 
the  preceding  chapter  to  be  convinced  that  in  acquired  immunity 
phagocytosis  is  the  most  constant  and  most  general  phenomenon. 
We  find  it  in  cases  where  the  hunioi-al  properties  are  the  most 
marked,  aa  well  as  in  those  in  which  they  are  only  slightly  develojHHl 
or  are  entirely  absent.  We  need  not  again  discuss  Pfeiftcr's  phe- 
nomenon analysed  in  the  preceding  chapter.  It  is  suthcient  to 
mention  that  this  example  of  the  extracellular  destruction  of  micro- 
organisms only  occurs  under  limited  and  special  conditions.  It  is 
observed  only  in  cases  where  the  injection  is  made  into  a  situation 
rich  in  leucocytes  which  undergo  phagolysis  as  a  result  of  the  sudden 
change  brought  alunit  in  their  conditions  of  existence.  Further,  this 
plienonienuu  is  observed  only  in  connection  with  micro-organisms 
that  are  slightly  resistant  to  the  influence  of  the  microcytascs.  In 
those  eases  in  which  we  meet  with  I'feitier's  phenomenon,  we  also 
meet  with  a  Avidely  extended  phagocytic  reaction. 

This  reaction  is  most  pronounced  where  the  properties  of  the 
iKKly  fluids  are  only  slightly  developed  or  are  absent  The  study 
of  acepured  innnunity  against  anthrax  provides  us  with  a  very 
convincing  proof  of  this,  AVe  have  already  cited  the  example  of 
vaccinated  rabbits  and  i-ats  in  which  phagolysis  is  incomparably 
greater  than  in  the  susceptible  control  animals  which  contract  a  fatal 
anthrax.  This  rule  is  general.  It  is  continued  in  the  vaccinuted 
sheep  and  giunea-i>ig.  The  absence,  or  feeble  development,  of  the 
protective  power  of  the  bhxKl  or  of  the  other  humoral  properties  in 
no  way,  then,  prevents  the  considerable  change  wliieh  is  set  up  in  the 
phagocytes  of  animals  that  have  acquired  immiuiity  against  anthrax. 
The  negiitive  chemiotaxis  of  the  leucocytes,  so  marked  in  su8cej)tjble 
animals,  is  nuHlifieil  into  positive  chemiotaxis  as  the  result  of 
vaccination.  This  fiurt,  one  of  fundamental  im]M)rtance,  was  first 
demonstrated   for  the  immunity  against   anthrax,    later   being  ex- 
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tended    to   other  uiicro-orgîinisins.     Massa rt^    studied    the   general 
_4ubject  and  collected  a  sei-ics  of  data  which  led  him  to  say  that 
^K*  vaccination   effects  an   education   of  the  leucocytes  ;   these  latter 
^Bboome  so  adapted   that   they   can   approach    the    virulent   uiicro- 
"Sfianisms.''    The  Ijest  metliod  of  forniiii>;  an  estimate  of  the  change 
which   the  leucocytes  undergo  is  by  injecting  subcutmeously  very  [ios] 
virulent   micro-organisms  capable   of  setting  up  a  generalised   in- 
fection.   Tlie  anthrax  bacillus,  Gamaleia's  vibrio,  the  streptococci  and 
the  cocco-bacilli  of  swine  and  fowl  cholera  are  very  suitable  for  such 
Hptudy.    Tliese  micro-organisms,  when  inoculated  subcutaneously  into 
™««scepUble  animals,  set  up  a  very  slight  local  reaction  or  none  at  all, 
in  the  form  of  an  exudation  of  transparent  fluid  almost  entirely 
without  leucocytes.    The  micro-organisms  grow  freely  in  these  ex- 
udations and  soon  invade  the  animal.     lu  vaccinated  animals  the 
local    reaction    is  more  marked   and   the   exudation,   very  rich   in 
H^acocytes,  is  poor  in  fluid  ;  the  micro-organisms  remain  free  for  a 
^■rery  short  time,  being  soon  ingested  by  the  leucocytes.    Their  de- 
struction, inside  these  cells,  takes  a  longer  or  shorter  time  according 
^to  circumstances  ;  but  in  the  end  it  is  always  complete. 

The  (lifTerence  as  regards  jvhagocytic  reaction  between  susceptible 

and  vaccinated  animals,  such  as  I  have  just  described,  has  been 

generally  recognised  by  many  observers.    A  few  opiKjnenta  are  still 

found,  however,  who  consider  that  tliey  arc  justified  in  atHi'ming  that 

the  negative  chemiotaxis  of  the  susceptible  animal  <loes  not  exist  and 

that,  consequently,  vaccination  can  in  no  way  change  it  into  positive 

^ftchemiotiixis.     VYerigo   made   himself  the  spokesman  of   this   view, 

Hurhich  he  luus  maintained  in  several  papers^.     Instead,  however,  of 

^■Introducing    the   virulent    micro-organisms    into  the  subcutaneous 

"tissue  of  susceptible  animals  he  injected  them  directly  into  the  veins. 

Using  cjdtures  of  the  anthrax  bacillus  and  of  the  cocco-bacillus  of 

fowl  cholera   he  injects   these  into  the   venous   system   of  normal 

I  rabbits.  Tlie  animals  soon  die  from  geuend  infection.  If,  however, 
tliesc  animals  are  killed  shortly  after  inoculation,  it  is  found  on 
examination  of  sections  that  many  of  the  micro-organisms  have 
been  ingested  by  the  leucocytes.  Werigo  concludes  from  these  facts 
that  in  the  higher  animals  the  chemiotaxis  is  always  positive  ;  but 
^hat  it  ends  in  the  destruction  of  the  micro-organisms  in  the  vaccin- 

I  Ann.  <t«  I'lrmt.  Peutfur,  Parig,  1S92,  t  VI,  p.  321. 

•  Ann.  tie  I'InH.  P<i*(eur.  Paris.  IS94,  t  viii,  p.  1  ;  Arch.  (U  mcd.  expêr.,  Pari», 
|L|89S,  L  X,  p.  725  ;  Arch.  rtutct  <lc  Path.  &c.,  St  POlcrsl).,  I89S. 
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atcil  nninmls.  ncvtT  Lriiiging  iibout  tins  result  in  susceptible  aniitiâT 
Tiiking  all  tlie  tlatu  o»  this  question  into  consideration,  it  is  easy 
convince  oneself  that  this  view  cannot  be  accepted  as  correct,  for  nc 
[200]  only  the  definite  idietioniena  observed  below  the  skin  but  also  the  no 
leas  demonstrative  process  appearing  in  the  peritoneal  cavity  prove^ 
most  clearly  the  existence  of  this  negative  chemiotaxie  of  tli^l 
leucocytes.  T  need  only  recall  Bordet's  experiment  on  the  fate  of 
strej^tococci  and  Proteus  vu/garis  when  injected  together  into  the 
peritoneal  cavity  of  guinea-pigs.  Wlrilst  the  Protetis  bacilli  at  the 
end  of  a  very  short  time  are  all  ingested  by  the  leucocytes,  the 
Btreptococci  remain  free  in  the  peritoneal  fliiid  up  to  the  «leath  of 
the  animal.  The  leucocytes  "which  exhibit  a  positive  chemiotaxis  as 
regards  the  fonner,  manifest  a  negative  chemiotiixi»  as  regard»  the 
streptococci. 

In  spite  of  the  great  force  of  these  arguments,  the  discovery  of  a 
means  of  reconciling  the  results  obtained  from  the  inoculation  of 
micro-organisme  subcutaneously  or  into  the  peritoneal  ciivity,  with 
those  observed  after  they  had  been  injecteil  into  the  blood  vessels 
would  be  of  great  interest,  and  Zilberberg  and  Zeliony  ^  have  under- 
taken a  series  of  experiments  with  this  object.  Following  Werigo 
they  made  use  of  the  cocco-bacilli  of  fowl  cholera,  and  found,  in 
acconlance  with  his  observations,  that  the  intiTivenous  injection  of 
these  organisms,  obtained  from  cultures  in  nutrient  media,  causes  a 
very  marked  phagocytosis  of  the  cocco-bacilli.  When,  however,  they 
injected  into  the  veins  of  rabbits  cocco-bacilli  that  had  been  grown  in 
tlic  peritoneal  fluid  of  other  rabbits,  they  found  the  micro-organisma 
free  in  the  blood  jvlasma  and  observed  only  a  very  restricted  phagocy-^B 
tosis  in  the  micmphages  of  the  liver.  It  follows  from  these  experiments 
that  the  ingestion  of  the  cocco-bacilli,  in  Werigo's  experiments,  was 
dependent  on  the  presence  of  a  large  number  of  attenuated  micro^^ 
organisms  which  were  present  in  the  cultures  that  he  employed  for 
his  injections.  Alongside  these  organisms,  slightly  or  not  virulent, 
were  others,  endowed  with  their  normal  pathogenic  activity  and 
quite  numerous  enough  to  set  up  a  fatal  infection.  When  Zilberberg 
and  Zeliony  replaced  cultures  on  agar  by  the  peritoneal  exudation 
which  contained  virulent  cocco-bacilli  almost  exclusively,  the  phago- 
cytosis in  rabbits,  injected  into  the  veins,  was  found  to  be  almost 
suppressed.  With  the  object  of  establishing  whether  the  absence  of 
the  phagocyiric  reaction,  in  this  case,  really  dépende»!  on  uega 
1  Ann.  de  I'Ingt.  Pmtmir,  Pari.s,  1001,  t.  XV,  p.  616. 


chemiotaxis  on  the  part  of  tlie  leucocytes,  the  above  cited  observers 
performed  tlie  following  experiment.  Tliey  injected  into  the  vein  of  [297] 
a  rabbit,  already  affected  with  a  generalised  infection  by  the  cocco- 
bncilliis  of  fowl  cholera,  an  innocuous  culture  of  a  saprophytic 
staphylococcus.  Post-mortem  examination  showed  that  theae  cocci 
were  almost  entirely  ingested  by  the  same  phagocytes  which  refused 
eo  energetically  to  seize  the  cocco-bacilli.  This  experiment,  analogous 
to  that  of  Burdet  on  streptococcus  and  Proteus,  compels  us  to  reject 
Werigo's  conclusions  as  to  the  absence  of  negative  chemiotaxis  in  the 
phagocytes  of  the  higher  animals.  I  ought  to  add  that  the  work  of 
Zilberberg  and  Zelicmy  was  in  part  executed  in  my  laboratory  so  that 
I  was  able  to  convince  myself  by  ocular  demonstration  of  the  com- 
plete accuracy  of  their  statements. 

Independently  of  these  observers  and  even  before  their  work  ap- 
|>eared,  Th.  Tchistovitch^  published  an  interesting  study  on  the  same 
question.  He  injected  very  virulent  streptococci  into  the  ear  vein  of 
mbbit8.  These  micro-organisms  set  up  a  generalised  and  fatal  infec- 
tion in  which  phagocytosis  was  completely  absent  or  nearly  so.  Here 
again  was  manifested  a  negative  chemiotaxis  of  the  phagocytes,  which, 
henceforth,  could  no  longer  be  questioned. 

In  certain  infective  diseases  ternviuating  fatally  a  very  marked 
phagocytosis  is  observed  even  in  susceptible  animals.  The  most 
typical  example  of  this  is  furaished  by  swine  erysipelas  and  mouse 
septicaemia.  We  know  from  the  researches  of  Koch^,  followed  by 
those  of  LoefBer^  SchUtz*  and  others,  that  in  animals  which  have 
dieil  from  these  two  diseases  the  leucocytes  are  gorged  with  small 
8[iccific  bacilli.  A  method  of  vaccinating  animals  against  the  micro- 
organism of  s\vine  erysipelas  was  worked  out  by  Pasteur  and 
Thuillier*  and  was  afterwards  studied  by  many  observers.  Thanks  to 
this  method  it  has  been  possible  to  demonstmte  the  phenomena  which 
may  be  observed  in  vaccinated  auimals  (e8i)ecially  rabbits).  Here 
also  a  phagocytosis  Uikes  place,  even  more  rapid  and  more  complete 
than  in  susceptible  animals.  AVhat  is  more  important,  the  intra- 
cellular digestion  of  the  ingested  bacilli  is  followed  by  the  total  [29S) 

•  Ann.  (k  I'Inst.  PaHeur,  Paris,  1900,  t.  xiv.  p.  802. 

*  "Untersuchimgeu  iiber  die  Aetiologie  der  Wuiidiiifcctionakrankheiten,"  Leipzig, 
I87S.  [Translated  into  Rnglisit  in  the  Now  Sydenham  Sodety's  Series,  London, 
\SiO,  Vol.  Uiivni,  under  tlie  title  "On  Traumatic  Infective  Dineuae»."] 

»  Arb.  a.  d.  K.  GtndUlmmt.,  Berlin,  1883,  Bd.  i,  S.  46'. 

♦  Arb.  a.  d.  K.  Ottid/ittamt.,  Berlin,  1885,  Bd.  i,  8.  57- 

*  Compl.  rend.  Aettd.  d.  tc,  Paris,  1883,  t.  xcvii,  p.  1 163. 
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destruction  of  tlie  micro-organisms  in  tlie  vaccinated  animais,  thotîgli 
in  the  normal  animals  this  digestion  is  very  imperfect. 

The  acquisition  of  immunity  against  micro-organisms  is,  therefore, 
due  not  only  to  the  change  from  negative  to  positive  chemiotaxis,  but 
also  to  the  perfecting  of  the  phagocytic  aiid  digestive  powers  of  th&^ 
leucocytes — a  general  superactivity  and  adaptation  of  tiie  phagocytidfl 
reaction  of  the  immunised  animal  is  produced.  This  conclusion, 
based  upon  a  large  number  of  well-established  facts  and  in  complete 
hannony  with  the  whole  of  the  data  at  our  dis]>osal  concerning 
acquired  immunity,  has  been  attacked  by  Denys  and  Leclef  ^  in  their 
work  on  the  streptococcus.  Tliey  liose  their  oppiusition  upon  experi- 
ments made  in  vitro  on  the  action  of  serums  and  leucocytes  ou  this 
micro-organism.  They  have  compared  the  bactericidal  power  of 
mixtures  of  the  serums  of  normtd  iind  of  vaccinated  rabbits  with 
leucocytes  isolated  from  exudations  from  tliese  two  groups  of 
animals.  The  leucocytes,  whether  derived  from  normal  or  from 
vaccinated  rabbits,  when  mixed  with  normal  serum  were  equally 
incapable  of  ingesting  and  destroying  tlie  Ktrej>tococci.  When  mixed 
with  blood  serum  from  vaccinated  rabbits,  liowever.  the  two  kinds  of 
leucocytes  exhibited  a  very  marked  phagocytic  reaction.  Denys  and 
Leclef  conclude  fi'i»m  tiiis  that  phagocytosis,  although  an  important 
factor  in  immunity,  plays  merely  a  secondary  part  and  is  dependent 
on  the  himioral  projterties.  The  experiments  and  views  of  the*e 
two  obricrvers  have  been  generally  received  by  the  partisans  of 
the  bactericidal  theory  of  the  body  fltdds  as  an  actual  proof  of 
this  theory.  We  cannot  agree,  llesoarches  extending  over  a  long 
period  have  shown  us  that  the  study  of  pliagocytosis  in  vitro  can 
give  only  a  very  inexact  and  im]>erfect  idea  of  the  course  of  thfifl 
phenomena  in  the  living  animal.  Usually  the  leucocytes  tjiken  from 
the  exudations,  although  amoeboid,  no  longer  fulfil  their  phagocytic 
functions  at  a  time  when  in  the  animal  they  would  ingest  micro- 
organisms with  the  greatest  rapidity.  As  a  general  rule,  existence 
outside  the  living  body  weakens  them  very  considerably.  But  in  some 
cases,  rare  it  is  true,  the  leucocytes  although  inactive  in  the  animal 
[299]  exhibit  intense  phagocytosis  when  introduced  into  a  hanging  dro])  of 
fluid  from  an  exudation  or  eveu  of  urine.  In  any  case  it  is  very 
liazardous  to  infer  from  phenomena  which  appear  under  these 
artificial  conditions  what  tidces  place  in  the  living  animal.  The  value 
of  the  experiments  of  Denys  and  Leclef  is  still  further  man'ed  by 
'  I.a  CcUiilr:,  Lierre  et  Lonvaiii,  1&93,  t  xi,  p.  177. 
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the  fact  that  they  mixed  the  leucocytes  with  blood  eerum.  They 
appear  to  have  lost  sight  of  the  fact  that  this  fluid  is  for  from 
corresponding  to  that  which  bathes  the  leucocytes  in  the  living^ 
animal.  The  serums  contain  leucotozin  in  greater  or  less  quantity 
and  it  is  not  to  be  wondered  at  that  the  leucocytes  when  mixed  with 
normal  rabbit's  serum  should  perish  very  rapidly.  Further,  the 
serum  of  vaccinated  rabbits  is  agglutinative  (this  fact,  however,  wa» 
not  sufficiently  elucidated  in  1894  when  the  researches  of  Denys  and 
Leclef  were  made)  and  the  clumping  of  streptococci  might  simulate 
their  destruction.  In  a  word,  the  experiments  of  these  observers 
have  been  carried  out  under  such  conditions  that  it  is  impossible  to 
base  upon  them  a  refutation  of  data  obtained  in  the  living  animal. 
Moreover,  in  the  description  of  the  phenomena  which  appear  in  the 
subcutaneous  tissue  of  rabbits  inoculated  with  the  streptococcus, 
Denys  and  Leclef  provide  us  with  arguments  against  their  own 
view. 

These  observers  introduce  the  same  quantity  of  streptococci 
below  the  skin  of  the  ear  of  normal  and  of  vaccinated  rabbits.  In 
the  first  there  is  soon  produced  a  very  marked  oedema  of  the  ear,  in 
which  may  be  seen  a  number  of  streptococci  and  of  leucocytes  that 
have  not  ingested  any  micro-organisms.  In  the  second  the  oedema 
does  not  develop,  but  at  the  seat  of  invasion  a  number  of  leucocytes 
come  up  and  these  soon  ingest  the  streptococci.  As  we  see,  the 
phenomena  manifest  themselves  here  just  as  they  do  with  the  anthrax 
bacillus  and  many  other  micro-organisms  when  under  analogous 
conditions.  Denys  and  Leclef,  indeed,  recognise  that,  below  the  skin 
of  the  ear  of  vaccinated  rabbits,  the  small  quantity  of  exudation 
fluid  is  not  sufficient  to  enable  us  to  accept  it  as  capable  of  exerting 
any  considerable  influence  as  regards  humoral  properties.  Neverthe- 
less, they  think  that  the  "  serum  "  of  this  fluid  may  exercise  a  certain 
action,  but  they  fiimish  no  proof  of  this,  and  seem  to  ignore  the  fact 
that  the  plasma  of  the  subcutaneous  exudation  is  far  from  being 
identical  with  blood  serum  obtained  outside  the  animal.  At  present 
it  is  well  known  that  this  latter  fluid  contains  cytases  which  are  [300] 
absent  from  the  plasmas.  Now,  the  feeble  bactericidal  action,  if  this 
really  exists  as  regards  the  streptococcus,  must  be  attributed  to  the 
microcytase  which  has  escaped  from  the  leucocytes  at  the  time  of  the 
preparation  of  the  serum. 

To  sum  up,  the  example  studied  by  Denys  and  Ijcclef  clearly 
comes  under  the  general  law  of  phagocytic  reaction  in  acquired 
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immunity  agninst  micro-organisma.  It  is  impossible  to  deny  IKâ 
the  superactivity  of  the  phagocytes  which  ie  always  fouud  in  this 
immunity,  although  readily  observed,  caunot  be  demonstrated  in  a 
rigorous  fasluou  outj?iile  the  fluids  which  luithe  the  CfUs.  Tliere  are, 
however,  very  important  analogies  Avhich  may  be  invokL-d  in  favour 
of  this  thesis.  We  have  already  cited  in  our  fifth  chapter  Delezenue'i 
experiments  on  the  digestion  of  gchitine  by  the  leucocytes  of  the 
dog,  which  ijhow  iu  the  most  demouHtrdtive  fushion  that  these  celU 
accustom  themselves  to  bring  abuut  this  digestion  more  and  niora| 
quickly  and  this  quite  independently  of  any  humoral  influence. 

For  some  time  past  there  has  been  no  doubt  as  to  the  funda- 
mental  fact  that  the  phagocytes  in  imnmniscd  animals  seize  and 
destroy  living  micro-organisms.    .Several  attempts  have  l)een  made 
to  show  that  such  destruction  of  these  bacteria  takes  place  solely  ^U 
by  the  body  fluids,  and    that    the    phagocytes  intervene  only  aa^f 
"  scavengers  "  to  carry  off"  the  dead  bodies  of  the  micro-organisms.  ^ 
Tlie  numerous   observations,   described    in   the  preceding  chapter,  ^ 
absolve  us  from  again  entering  into  a  disciisision  of  thi:^  question,  fl 
Moreover,  the  majurity  of  these  opponents  now  recognise  tliat  micro- 
organisms are  ingested  in  a  living  state  by  the  phagocj'tes  of  imrau-  ^ 
nised  animals.    Some,  however,  have  expressed  the  opinion   that  A 
these  living  micro-organisms,  before  becoming  the  prey  of  the  phago- 
cytes,  must    undergo    some   preliminary  attenuation  of   virulence 
through  the  action  of  the  body  fluids.    Hence  the  theory  of  the 
attcnuathîg  power  of  tlie  fluids  of  the  body,  maintained  especially  by 
Bouchard  and  his  pupils.    During  the  course  of  our  exposition  of  the 
facts    concerning  acquired  immunity,   we  have   sevend   times   had 
occasion  to  speak   of  the  virulence  of  micro-organisms  in  the  im- 
munised auiraaL    Uere,  therefore,  we  may  confine  ourselves  to  a  brief 
summary  of  the  observations  collected  on  this  point 

Having  observed  that  the  anthnix  bacillus,  when  developed  in  the 
blood  of  immunised  sheep,  was  incapable  of  giving  fatal  anthmx  to 
[301]  rabbits,  1  expressed^  the  opim'on  that  under  these  conditions  its 
\iruleuce  had  become  attenuated.  I.«tcr,  analogous  changes  were 
shown  by  Charrin-  in  the  BunUns ptjoa/ancus  when  cultivated  in  the 
serum  of  immunised  animals.  Bouchard^,  generalising  on  these  data, 
arrived  at  the  following  theory  of  vaccination.     "The  inoculation  of 

'  AvH.  de  I'Init.  Paiteiir,  Paris,  1S87. 1 1,  p.  42. 

»  Cumpt.  rend,  Soe.  de  biol.,  Paris,  1889-1891. 

^  "  Kssui  d'une  tliéurie  de  rinfcciiun."    Berliu,  1890. 
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a  stroug  virus  into  a  vaccinated  animal  is  equivalent  to  tlie  inocula- 
tion of  an  attenuated  virus.  The  attenuation,  however,  instead  of 
being  done  beforehand  in  the  laboratoiT,  is  brouglit  about  iu  the 
tisciaeîi  of  the  vaccinated  animal  "  (p.  18;.  Charrin  and  Roger*  up- 
held this  view,  and  the  latter  offered  several  new  arguments  in 
support  of  it  He  observed  that  animals  inoculated  with  i)neamo- 
COCCÎ  and  streptococci  grown  in  the  blowl  serum  of  vaccinated 
animalH,  contracted  a  transient  and  benign  diseuse  merely,  whilst 
the  control  animals,  inoculated  with  the  same  micro-organisms, 
coltivated  in  normal  serum,  always  died  from  genei-alised  in- 
fection. 

The  discovery  of  the  protective  property  of  serums  has  thrown  a 
new  light  upon  these  exiieriments.  We  must  now  ask  ourselves  : 
Does  the  iuuocuousness  of  micro-organisms  depend  not  on  the  at- 
tenuation of  the  virus,  but  rather  on  the  protective  action  of  the 
serum  itself?  When,  in  the  course  of  my  researches  on  the  Gentilly 
cocco-bacillus,  I  found  tliat  this  organism,  cultivated  in  the  serum 
of  vaccinated  rabbits,  became  much  less  pathogenic  than  when  it 
was  grown  in  the  senm»  of  normal  rubbits,  I  set  myself  to  answer 
this  question.  Simple  filtration  through  paper  was  sufficient  to  rid 
the  organism  of  the  seinini  in  which  it  had  grown.  The  inoculation 
of  cocco-bacilli  thus  treated  proved  at  once  that  their  virulence  was 
in  no  degree  modified,  and  that  it  was  the  intervention  of  the  serum 
that  prevented  the  micro-organism  from  setting  up  the  i*apidly  fatid 
disease.  I88aeff^  who,  in  my  laboratory,  carried  out  the  investigation, 
was  able  to  extend  this  to  the  pneutnococcus.  He  obtained  agglu- 
tinated cultures  in  the  serum  of  vaccinated  rabbits,  and  be  compared 
their  activity  by  injecting  them  (1)  with,  and  (2)  without  their  culture  [302] 
medium.  The  difl'ercnce  was  very  marked.  In  the  first  case  the 
infection  produced  was  much  slower  in  its  course  than  in  the  second. 
The  virulence  of  the  washed  pneumococci  was  fotind  to  be  the  same 
whether  they  came  from  a  culture  in  normal  serum  or  from  one  in 
immunised  serum.  Sjinarelli*  obtained  the  same  result  with  Gama- 
leia's  vibrio.  The  vibrios  when  grown  in  the  serum  of  vaccinated 
guinea-pigs  proved  to  be  very  vinilent  so  soon  as  they  M-ere  freed 
from  the  fluid  in  which  they  were  gro>>ai.    Later,  similar  demon- 

•  Churin,  Compt.  rend.  Soe.  de  biol.  Paria,  1890,  pp.  203,  332;   Hoger,  ibid, 
I8&0.  p.  573,  and  /?*».  ffé».  d.  »c. purti  et  appliq ,  Paria,  1891,  p.  410, 

*  Ann.  de  I'lntt.  Pasteur.  Paris,  1893,  t  vn,  p.  273. 
'  Ann.  de  VIn$t.  Pasteur,  Paris,  189.%  t  vn,  p.  231. 
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stnitions  were  give»  by  lionlet*  and  Meeuil'  witli  respect  to  s 
coc-ci  and  to  the  bacilli  of  swine  erysipelas.  We  must,  then,  conclu<le 
that  we  have  here  to  do  with  a  general  law.  Some  experiments 
made  by  de  Xittis'  might  seem  to  indicate  an  exception  to  such  a 
law.  He  observed  that  anthrax  bacilli  when  grown  in  the  serum  of 
vaccinated  pigeons  lost  a  part  of  their  virulence.  It  must  not  be 
forgotten,  however,  that  he  grew  bis  cultures  under  si^ecial  con- 
ditions ;  the  bacilluH  was  gi'own  for  several  days  at  42°  C^  this  in 
itself  being  quite  sufficient  to  bring  about  a  certain  attenuation  of 
virulence. 

The  theorj-  of  the  attenuating  action  of  the  body  fluids,  based  oi^m 
tlie  attenuation  of  the  virus  in  the  serum  of  vaccinated  animals,  cai^f 
no  longer  be  maintained,  as  it  is  a  well-established  fact  that  the 
serum,  obtained  outride  the  body,  is  a  fluid  dittering  in  character  and 
properties  from  the  plasma  of  the  living  animal.  We  have  seen  up 
to  what  point  this  demoii8ti'ati<»n  has  shaken  the  theory  of  the 
bactericidal  action  of  the  body  fluids. 

It  cannot  lie  doubted  that  a  micro-organism  may  undergo  a  certain 
wealtening  in  vindence,  as  well  as  in  certain  other  functions,  in  the 
body  of  the  animal  that  has  acquired  immunity.     But  the  question 
must  be  put  :  Is  this  eflect  obtained  as  the  result  of  humoral  or  offl 
cellular  action  ?     As  a    geiienil    rule,  exudations    obtained    from 
vaccinated  animals,  and  cunUiining  living  micro-organisms,  are  found 
to  be  virulent  when  inoculated  directly  into  susceptible  animals. 
This  fact  was  established  by  Pasteur*  when  he  first  carried  out  his 
researches  on  acquired  immunity  agsiinst  fowl  cholera.    He  showed^ 
that  the  exudations  of  vaccinated  fowls  set  up  a  fatal  disease  itiV 
[303]  normal  fowls,  without  there  being  the  least  evidence  of  any  attenu- 
ation  of  the   micro-organism.     The  same  applies  to  the  Gentilly 
cocco-bacillus  and  to  the  anthrax  bacillus  in  a  very  great  raajoritj 
of  examjiles.     De  Nittis  observed  that  the  exudations  of  immunised! 
pigeons  produce»!  a  fatal  infection  in  the  guinea-pig  and  in  the  mouse»- 
In  the  immunised  guinea-pig,  on  the  other  hand,  he  foimd  that  the 
exudations  soon  became  innocuous  for  these  animals.  This  alteration, 
however,  must  be  attributed  not  to  the  body  fluids  (which  exhibit  no 
protective  or  attenuating  power)  but  to  the  action  of  the  cells. 

»  Ann.  de  VIntt.  PoMUur,  Paria,  1897,  t  xi,  p.  177. 
*  Ann.  d«  VIntt.  Pcuteur,  Paris,  1898,  t.  xii,  p.  481. 
»  Ann.  de  I'Intt.  Paiteur,  Paris,  1901,  t.  x\',  p.  769. 
«  Cotnpt.  rend.  Acad.  d.  *c,  Paris,  1880,  t  xo,  p,  10:J3. 
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With  the  object  of  guining  some  idea  of  the  changes  that  the 
micro-organisms  undergo  in  the  immmiised  animal,  Vallée'  carried 
out  a  series  of  experiments  on  rabbits  vaccinated  against  the  bacillus 
of  swine  erysipelas.  He  enclosed  these  bacilli  in  sacs  of  collo<lion 
which  he  introduced  into  the  peritoneal  cavity  of  susceptible  rabbits 
and  of  others  that  were  hyperimmunised.  The  bacillus  developed  well 
in  both  cases.  It  gave  honingeiieouR  non-agglutinated  cultures  in  the 
sacs  placed  in  normal  animals,  whilst  in  the  ssic^  iiitruduced  into 
the  peritoneal  cavity  of  hyj)erimmunised  rabbits  the  bacilli  grew  into 
rtiT^lutinated  filaments.  Tliis  proves  that  the  wall  of  the  sacs  \)eT- 
milted  of  the  passage  of  the  active  substances  elalwnited  in  the 
immunised  animal  Different  from  the  point  of  view  of  agglutination, 
the  cultures  likewise  exhibited  a  considerable  difference  iu  their 
p«tli<:)genic  activity.  The  cultures  developed  in  the  sacs  in  hyper- 
immunised rabbits  were  foimd  to  be  much  more  virulent  than  those 
grown  in  the  aaca  in  control  animals.  Tliis  augmentation  of  virulence 
dc|>ends,  probably,  on  the  influence  of  the  active  substances  which 
jMVSs  through  the  walls  of  the  sacs.  In  any  case,  this  experiment 
affords  further  confirmation  of  the  impossibility  of  maintaining  the 
theory  of  the  attenuation  «)f  micro-orgiinisms  by  the  fluids  of  an 
animal  enjoying  acquired  imnuinity. 

Since  the  discover)'  of  the  antitoxic  property  of  the  fluids  of  the 
body,  it  has  been  accepted  tliat  its  manifestation  was  indispensable 
fur  the  acquisition  of  immunity.  It  was  thought  that  in  order  to  get 
rid  of  iwthogenic  micro-organisms  the  animal  had  first  to  develop 
the  means  of  neutralising  their  toxins.  These  substances  once  pre- 
vented from  exerting  their  toxic  action,  the  micro-organisms  were 
left  without  their  weapon  of  attack  and  found  tliemselves  reduced 
to  the  condition  of  simple  saprophytes.  It  was  accepted,  therefore, 
that  an  effective  antitoxic  power  was  always  to  be  found  in  the  fluids 
of  animals  that  had  acquired  immunity.  Against  this  explanation,  [304] 
however,  are  certjun  esttiblished  facts.  Chauveau-  had  observed  that 
Algerian  sheep,  whose  natural  immunity  was  further  strengthened 
by  consi<lerable  doses  of  anthrax  bacilli,  exhibited  a  susceptibility 
to  injections  of  anthnix  blood  quite  as  maiked  as  that  of  normal 
sheep.  The  inununity  agtiinst  the  virus,  then,  did  not  progress 
part  passu,   with    that   against    the    poison.     Later,    Charrin    and 


•  Compt.  rend.  Si^..  de  bi'ii..  Pari»,  1899,  pi  4.12. 

•  VvmpL  r«tid.  Aatd.  d.  ic,  Paris,  1880,  t,  xc,  p   1526. 
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Gamaleia^  funiished  important  data  on  this  subject  They  showed 
that  auimals  vaccinated  against  the  liaciUiis  ityocifuncus  and  the 
vibrio3  of  Koch  and  Gamaleia  were  even  more  euâccptible  to  intoxi- 
cation by  the  8olul)le  products  of  these  inicro-orgauisuis  tlian  wei-e 
normal  animals  which  had  acijuired  no  ininmuity  against  the  corre- 
sponding bacteria.  Shortly  afterwards  this  observation  wa$  confirrueil 
by  Selander-,  iu  lii.s  work  ou  hog  cholera,  carried  out  under  Roux  s 
direction.  Rtibbits  vaccinated  against  the  cocco-bacillus  of  this  disease 
resisted  infection  by  the  virus,  but  died  as  a  result  of  tiie  exhibition 
of  the  same  doses  of  toxin  that  killed  normal  rabbits.  F  was  able 
not  only  to  verify  this,  but  to  add  to  it  the  fuilher  ftxct  that  the 
blood  seriun  of  vaccinated  i-abbits,  although  niarkeiUy  protective 
against  infection,  exercised  not  the  slightest  antitoxic  action. 

When,  later,  R,  Pfeiffer  set  himself  to  study  the  immunity  of 
auiuial^i  agîunst  the  eliolera  vibrio,  he,  along  with  his  collaborators, 
was  able  to  furnish  numerous  data  coiifirining  the  hypothesis  that 
animals  tlioroughly  vaccinated  against  this  vibrio  had  not  thereby 
become  more  resistant  to  its  toxin  and  that  their  anti-infective  serum 
exhitiited  no  antitoxic  poAver.  These  results  have  been  confirmed 
repeatedly  and  must  be  regarded  as  fully  establislied. 

Von  Behring  here  recognised  a  general  law  wliich,  with  the  aid  of 
his  collaboratoi-.s,  he  attunipterl  to  develop.  We  owe  to  him  the 
knowledge  that  the  suscejdibllity,  augmented  as  regards  the  toxins, 
of  animals  vaccinated  agjiinst  micro-organisms,  might  even  serve  in 
doubtful  cases  to  reveal  the  i)reseMco  of  their  bacterial  poisons. 
Culture  products  when  dejtrived  of  niiero-orgauisms  often  set  up  no 
[305]  poisoning  in  normal  animals  susceptible  to  infection.  From  this  fact 
it  is  generally  conchuled  that  the  toxin  is  not  present  in  the  products 
in  question.  But  animals  of  the  same  si)ecie8  when  immimised 
against  infection  by  the  micro-orgunism,  owing  to  their  "hyper- 
8uscei)tibility,"  react  much  more  delicately  and  allow  of  the  de- 
monstration of  the  presence  of  bacterial  poisons  in  fluids  inactive 
for  unvaccinatcd  animals. 

In  collaboration  with  Kitiishima^  von  Behring  immunised  guinea- 
pigs  against  the  diphtheria  bacillus,  and  demonstrated  that  two  or 
three  injections  of  diphtheria  toxin  were  quite  sufficient  to  render 


1  Ct)mi)t.  rend.  Soe.  de  biol,  Paris,  18!)0,  p.  294. 
»  Ann.  dfi  t'/ntt.  Patteur,  Paris,  1890,  L  iv,  p.  663. 
»  Ann.  de  I'Initt  Patteur,  Paris,  1892,  t.  vi,  p.  295. 
♦  Berl.  klin.  Wchmchr.,  IbSl,  p.  157. 
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these  animals  refractory  to  infection  by  the  diphtheria  bacillus  though 
they  became  more  susceptible  to  intoxication.  You  Behring  considéra 
that  this  augmentation  of  susceptibility  to  the  diphtheria  poison  may 
be  a  means  of  rendering  the  local  reaction  of  the  living  elements  at 
the  point  of  introduction  of  the  bacilli  more  active. 

In  any  case,  it  is  beyond  question  that  acquired  immunity  against 
microbial  infection  is  quite  independent  of  the  resistance  against  the 
toxins  of  the  corresponding  micro-organism.  An  antitoxic  manifesta- 
tion of  any  kind^  therefore,  cannot  be  regarded  as  necessary  for  the 
development  of  immunity  against  the  micro-organism. 

Of  aU  the  humoral  properties  developed  in  acquired  immunity 
against  micro-organisms,  the  fixative  power  and  the  protective  power 
are  the  most  constant  It  might  naturally  be  suggested,  as  a  resvlt 
of  this  observation,  that  these  two  powers  are  indi8i)en8able  for  the 
manifestation  of  phagocytosis  for  the  purpose  of  destroying  and  of 
ridding  the  animal  of  the  pathogenic  organisms.  It  is  quite  possible 
to  understand  how,  under  these  conditions,  the  idea  has  been  put 
forward  that  anti-infective  acquired  immunity  is  the  result  of  two 
different  fiictore  :  in  the  firet  place,  a  humoral  property  independent 
of  the  phagocytes  and,  in  the  second  place,  the  phagoi^tes  themselves. 
But  the  part  played  by  these  cells  cannot  be  accepted  as  purely 
secondary — a  view  which  has  been  advanced  and  defended  again  and 
again.  This  question  is  of  such  importance  that  it  is  reasonable  to 
ask  whence  come  the  humoral  properties,  such  as  the  fixative  power 
and  the  protective  power,  factora  of  such  far-reaching  influence  in 
anti-infective  immunity? 

Thanks  to  the  work  of  several  investigators  this  question  may  now  [306] 
be  answered.  Pfeiffer  and  Marx^  first  supplied  important  informa- 
tion concerning  the  origin  of  the  protective  property.  Into  rabbits 
they  made  subcutaneous  inoculations  of  cholera  vibrios,  killed  by 
heat  (70°  C),  and  then  examined,  most  minutely,  the  protective  power 
of  the  blood  and  of  extracts  from  various  organs.  Examining,  sepa- 
rately, the  protective  power  of  the  serum  and  that  of  the  layer  of 
leucocytes  deposited  in  tubes,  Pfeiffer  and  Marx  were  unable  to  find 
any  marked  difference.  Nor  did  they  ever  obtain  any  definite  effect 
with  leucocytes  collected  from  pleuritic  exudations.  From  these 
observations  they  concluded  that  the  leucocytes  of  the  blood  could 
not  be   regarded   as   the   source   of  the  protective  substance  (or 

»  Zttchr  /.  Ifi/ff.,  Leipzig,  1898,  Bd.  xxvii,  8.  '272, 
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"  cholera  antibody  ")•  At  a  pcri<xl  wlieii  the  Benim  as  yet  exhibited 
an  insignificant  protective  power  or  none  at  all,  the  extract  from  the 
spleen  often  exerted  an  action  of  the  moet  uiarke<l  chanicter.  In  on 
experiment  in  which  the  rabbit  was  killed  49  hours  after  the  injection 
of  tlie  vibrios,  0'3  c.c.  of  the  serum  was  incajiable  of  preventing  fatal 
infection  of  a  guinea-pig,  whereas  0*03  c.c.  of  au  extract  of  the  spleen 
exerted  a  marked  protective  effect.  From  this  and  similar  experi- 
ment, Pfeiffer  and  IVIarx  conclude  that  ttie  S[tleen  is  the  principiU 
source  of  the  protective  substîiiice.  In  order  to  verify  this  observation 
they  injectc<l  killed  cliolera  cultures  into  nibbits  which  liud  previously 
been  deprived  of  their  spleens,  but  the  asplenic  rabbits  still  produced 
the  same  amount  of  protective  substance,  and  thet^e  two  observers 
were  led  to  conclu<lt'  that  the  lympliatic  glands  and  the  bone-niarrow 
might  also  serve  £is  the  sites  of  origin  of  this  substance. 

It  is  only  during  the  first  few  days,  however,  that  these  organs 
exhibit  a  protective  power  greater  than  that  of  the  blood.  Three  or 
four  days  after  the  injection  of  the  vibrii»s  the  blood  serum  Ixîcomes 
richer  in  protective  substance;  the  organs  contain  much  less  of  it 
This  condition  is  maintained  for  some  time,  after  which  the  blood  in 
turn  begins  to  get  impoverished. 

Pfeiffer  and  Marx  put  to  themselves  the  question:  Is  the  marked 
protective  power  of  the  spleen  due  to  the  production  of  preventive 
Bub.stance  by  this  organ,  or  is  it  to  be  eA"|>lained  by  an  accumulation 
in  tlie  spleen  of  this  subsUmce  manufactured  elsewhere  ?  With  the 
[3071  object  of  obtaining  an  answer  to  this  question  tliey  injected  protective 
serum  from  other  intlividuals  into  rabbits,  when  they  foimd  that  the 
protective  substance  showed  not  the  slightest  tendency  to  accumulate 
in  the  spleen.  These  authors  were  compelled  to  conclude,  therefore, 
that  the  spleen  and  other  haematopoietic  organs  (lympluitic  gland» 
and  bone-marrow)  are  the  real  scats  of  the  production  of  the 
protective  substance.  We  may  add  that  these  organs  are  also  the 
phagocytic  organs  par  excellence,  that  is  to  say,  the  centres  which 
serve  not  only  for  the  development  of  phagocytes  but  which  contain 
a  large  number  of  the  adult  elements  capable  of  exercising  the 
phagocytic  functiuJi. 

Almost  simultaneously  with  Pfeiffer  and  Marx,  A- Wa8sennann\  in 
collaboration  with  Takaki,  undertook  similar  researches  on  the  origin 
of  the  substance  protective  against  tlie  typhoid  cucco-bacilluà.    The 
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tcome  of  this  work  was  that  "  it  was  the  bone-marrow,  the  spleen, 
aiid  the  lymplintic  system,  including  the  thymus  gland,  which  ex- 
hibited immunising  power  against  the  bacillus  of  typhoid  fever,  whilst 
the  other  organs,  the  blood,  brabi,  spinal  cord,  muscles,  liver,  kiduey, 
«tc,  did  not  at  this  stage  show  any  marked  specific  property." 

As  these  observations  on  the  production  of  protective  substance  in 
e  phagocytic  organs  was  one  of  essential  importance  in  connection 
with  the  problem  of  acquired  immunity,  1  jjsked  M.  Deutsch*,  working 
in  my  laboratory,  to  carry  out  a  series  of  experiments  on  this  subject- 
Using  guinea-pigs,  he  injected  into  the  peritoneal  cavity  cultures  of 
I  the  typhoid  bacillus  kilte«l  by  lieat  (66'  C).  A  few  days  later  the 
^■erum  had  become  distinctly  protective.  At  this  stage,  and  even 
^Hiefore  the  appearance  of  this  proi)erty  in  the  blood,  Deutsch  killed 
^^Kue  of  his  animals  and  carefully  measured  the  protective  power  of 
I  the  extract  of  the  various  organs.  He  began  by  confirming  the  result 
obtjiined  by  PfeifTer  and  ilarx  as  to  the  non-production  of  the  pro- 
tective substance  in  the  peritotteal  exudation.  Usually  this  fluid  was 
insufficient  to  protect  normal  guinea-pigs  agaiust  typhoid  infection. 
,  In  a  few  experiments  only  was  tlie  exudation  found  to  bo  as  pro- 
\  tcctive  as  the  blood  senim  ;  in  most  of  the  others,  tlve  blood  serum 
^^BS  much  more  active  than  the  fluid  of  the  exudation.  The  spleen 
^Hras  the  organ  which  exhibited  the  greatest  protective  power,  and  (308j 
in  nearly  one  half  of  the  cases  it  was  more  active  than  was  the  blood. 
The  bone-marrow  sometimes  gsive  analogous  though  much  less  marked 
results.  The  s])leen  consequently  must  be  looked  upon  as  the  principal 
Mat  of  the  production  of  the  protective  substance. 

Having  confirmed  this  observation  of  Pfeifltr  and  Marx  and  of 
Wassermann   and   Takaki,  Deutsch   tried   to  obtain   the   protective 
I    property  in  guinea-pigs  deprived  of  their  spleens.    The  experiment 
^Kra  quite  successful,  and  here   again   his  result  agreed  with   that 
^^btained  by  Pfeifler  and  Marx.    Guinea-pigs  from  which  the  spleen 
had  been  removed  developed  the  protective  property  jtist  as  well  as 
did  the  control  animals  ;  in  the  former  the  bone-marrow  was  found  to 
be  specially  active. 

When  Deutsch,  instead  of  removing  the  spleen  from  his  guitica- 

pigB  before  the  injection  of  the  micro-organisms,  did  so  some  (3 — 5) 

ys  afterwartls,  there   often  occurred  a  marked  diminution  in  the 

omit  of  the  protective  substance  produced.    We  must  conclude, 

therefore,  that  soon  after  iiiocidation  there  appeal's  in  the  spleen 

■  Ann.  de  Flnêt.  Patteur,  Paris,  1899,  t  xm,  p.  689. 
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u  plieiiomenon  which  is  associated  with  tlie  development  of  the 
protective  power.  The  most  simple  explanation  of  these  facts  ia 
that  the  micro-organismg  injected  into  the  peritoneal  cavity  and  Boon 
afterwards  seized  by  the  phagocytes  (for  the  most  part  by  the  niicpo- 
pliagee),  are  carried  to  the  phagocytic  organs,  particularly  the  spleen, 
lymphatic  glands,  and  bone-marrow.  In  those  animals  wiiose  spleens 
are  left  intact  a  large  number  of  these  microphages  loaded  with 
nncro-organisms  make  their  way  into  this  organ,  a  fact  confirmed  by 
direct  observation.  When  the  spleen  is  removed  the  microphages 
must  necessarily  betake  themselves  to  other  phagocytic  organs.  As 
the  micro-organisms  undergo  intracellular  digestion  in  the  phago- 
cytes, it  is  very  difficnlt,  if  not  impossible,  to  follow  them  for  any 
length  of  time  after  they  have  been  ingested,  but  the  analogy  with 
the  phenomena  of  the  resorption  of  red  blood  corpuscles,  described 
in  Chapter  IV,  justifies  us  in  concluding  that  in  the  case  of  micro- 
organisms mattei-8  go  on  in  much  the  same  way.  These  organisms, 
seized  at  the  seat  of  inoculation  by  the  phagocytes,  are  transported 
by  these  cells,  in  their  peregrination  through  the  organs,  into  the 
general  circulation.  The  interpretation  I  have  just  given  has  beea 
accepted  by  Deutsch. 

This  observer  wished  also  to  come  to  some  conclusion  as  to  the 
origin  of  the  agglutinative  property  so  well  developed  in  tlie  fluids 
of  atninals  inoculated  with  the  typhoid  cocco-bacUlus.  He  did  not 
[309)  succeed  in  solving  this  question,  but  he  was  able  to  demonstrate  the 
undoubted  difterence  between  this  property  and  the  protective  power. 
The  facts  brought  forward  by  Deutsch  must,  therefore,  be  ranged 
alongside  the  many  others,  reported  on  above,  which  demonstrate  in 
the  most  conclusive  fashion  that  these  two  powers  of  the  body  fluids 
are  essentially  distinct. 

Sucli  concordant  results  obtained  by  all  investigators  who  have 
8tu<lied  the  origin  of  the  protective  power  warrant  the  conclusion 
that  it  ia  the  elements  of  the  phagocytic  organs,  that  is  to  say,  the 
phagocytes  themselves,  which  produce  the  protective  substatice.  But 
it  will  be  asked  :  Can  we  therefore  accept  the  fixative  substjince  or 
fixative  as  being  derived  from  the  same  source  ?  When  the  ex- 
periments I  have  just  summarised  were  carried  out  the  fixatives 
were  not  as  yet  sufficiently  known  and  were  confounded  with  the 
protective  substances.  Nevertheless,  there  cau  be  uo  doubt  as  to 
what  the  answer  to  the  «luestion  just  put  must  be.  In  the  account 
of  the  experiments  of  Pteilfer  and  Alarx  we  find  very  precise  slate- 
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mentB  as  to  the  grnnnlar  trarcformafion  of  the  vibrios.  Thus,  they 
ob*»erved  on  several  ocwisions  tliat  an  extract  of  the  spleen  set  up 
this  transformation  in  a  particularly  distinct  and  rapid  fashion  at 
8  periwl  when  the  blood  and  serum,  used  in  a  much  stronger  dose, 
were  incapable  of  producing  the  same  effect.  Now,  as  Pfeifler's 
phenomenon  is  a  visible  manifestation  of  the  action  of  the  specific 
fixative,  it  cannot  be  doubted  that  the  spleen  is  really  the  principal 
M«t  of  deve1o|iment  of  the  fixative  substance  before  it  makes  its 
appearance  in  the  blood, 

Ik'fore  concluding  this  chapter  we  must  review  very  briefly  the 
principal  phenomena  associated  with  acquired  immunity  against 
micro-organisms.  The  extracellular  destruction  of  these  parasites 
takes  place  in  the  living  animal  under  special  conditions  only,  when 
the  phagocytes  suffer  a  temporary  injury  (phagolysis)  and  allow  their 
raicrocytjtses  to  escape.  These  latter  by  no  means  represent  attributes 
of  the  b<Hly  fluids,  as  is  even  yet  maintained  by  some  writers.  These 
Rolubtc  fcnnents  are  connected  with  the  phagocytes  and  represent  the 
ferments  of  intracellular  digestion.  The  cytases  undergo  no  motiifi- 
cation  <luriiig  the  pnx^ess  of  immunisation  and  correspond  to  those 
which  act  in  natural  immunity. 

Tlie  agglutinative  substance  often  present  in  the  normal  fluids 
of  the  botly  Iwcomcs  much  more  developed  in  those  of  immunised 
animal.<?.    It  is  truly  humoral,  as  it  circidates  in  the  plasmas  and  passes 
into  the  fluid  exudations  and  transudations.    But  the  part  played  by  [310] 
it  in  immunity  is  very  restricted. 

The  protective  and  fixative  properties,  most  often  closely  con- 
nected with  each  other,  are  very  markedly  developed  in  an  animal 
enjoying  acquired  immunity'.  They  may  act  upon  the  micro- 
orgjinisms  which  become  permeated  by  the  fixative  substîuice,  or 
npon  the  infected  animal  by  stimidating  its  defensive  reaction,  but 
they  are  incapable  of  atfecting  the  vitality  or  virulence  of  the  micro- 
organism. The  two  properties  (protective  and  fixative)  reside  in  the 
fluids  of  the  body,  but  they  are  functions  of  the  cell  products.  The 
elements  of  the  phagocytic  organs  (spleen,  bone-marrow,  lymphatic 
glands),  or  phanocytes,  produce  the  specific  protective  and  fixative 
substances  which  pa^s  thence  into  the  pla-smas. 

The  phagocytic  reaction  is  very  general  in  acqtnred  immunity. 
The  phagocytes  which  have  a  very  imperfect  antimicrobial  function 
or  none  at  all.  l»ecome,  as  the  result  of  vaccination,  much  more 
active.     They   exiiibit   a    very   marked    positive    chemiotaxis   and 
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acquire  the  faculty  of  digesting  micro-organisms  in  a  greatly  iniensi* 
fied  degree.  It  is  with  the  increase  of  tliis  digestive  power  that  we 
have  cojmected  tlie  over-proihiction  by  the  phagocytes  of  the  fixutivc 
and  protective  sulisUiiicci*  wliicl»  are  excreted  in  hirge  quantities  by 
these  cells  and  pass  into  the  fluidn  of  the  animal.  As  these  substances 
are  ph;igocytic  products  it  may  be  readily  conceived  that  in  certain 
examples  of  acejiiiicd  inimuiiity  the  anitaal  overcomes  the  micro- 
organisms without  tlie  protective  substances  being  found  in  the  fluids. 
It  is  (?iifficicut  that  it  is  in  the  possession  of  the  phagocytes,  which 
may  retain  it  within  themselves  and  not  throw  it  off  into  the  circu- 
lation. 

From  this  account  it  will  be  seen  that  the  phenomena,  in  acquired 
immunity  against  micro-organisms,  are  merely  a  more  or  less  stereo- 
typed copy  of  those  that  are  presented  in  the  animal  after  the 
resorption  of  cells.  There,  also,  we  have  intracellular  digestion  Avith 
over-production  of  specific  fixatives,  part  of  which  are  excreted  and 
thus  pass  into  the  plasmas.  In  the  resorption  of  cells  there  is  also  a 
double  action  of  cytases  and  fixatives  ;  but  in  this  case  the  macro- 
cytases  intervene,  whilst  in  the  resoqition  of  micro-organisms  tlïis 
function  is  jHarforined  by  the  microcytases.  Tlie  fixatives  in  the  two 
cases  are  very  différent  from  the  point  of  view  of  their  action,  for 
[311]  they  are  specific  ;  but  the  cells  which  act  in  tlieir  production  belong, 
in  both  cases  (resorption  of  animal  cells  and  of  micro-organisms),  to 
the  category  of  plmgocytes. 

It  is  often  maintained  that  the  theory  I  hare  just  summarised  ia 
fundamentally  opjwsed  to  the  theory  of  side-chains  or  receptors 
formulated  by  Ehrlich^  This  view  I  cannot  accept.  Applied  to 
acquired  immunity  against  micro-organisms  this  theory  may  be 
gummed  up  as  follows.  The  micro-organisms,  when  inoculate<l  in  a 
non-lethal  but  immunising  dose,  combine  with  certain  cells  of  the 
animal.  The  receptors  of  the  micro-organisms  find  corresponding 
receptore  in  these  cells,  but,  when  once  combined,  the  receptors  of  the 
cells  become  incapable  of  fulfilling  their  normal  nutritive  function. 
The  cells,  thus  dejirived  of  tlicir  receptors,  reproduce  such  an 
enormoiis  quantity  of  them  that  a  portion  is  excreted  into  the 
surrounding  medium  and  panses  into  the  plasmas.  These  receptors, 
originating  from  cells,  but  wliich  have  become  constituent  parts  of 
the  liody  fluids,  are  nothing  but  the  fixatives  or  intermediary  bodies, 

'  Ehrlich,  Lazanin  u. I'iiiktw, "Leukaemie,  etc"  in  Nothnagel's "Spocietlo  Putlmlogio 
u.  Thérapie,"  AVien,  1901,  Bd.  vm,  r  Theil,  m  Hoft.  8chlu8«botrtti:l>tiuigcn,  S.  163. 
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sr  the  ainlx)ceptors  of  Elirlicli.  On  a  fresh  arrival  of  the  same 
icru-orguuisms,  they  meet  with,  in  the  fluid  of  tlie  exiidatioua, 
lerous  amboceptors  wliich  combine  with  tlie  corresponding 
:'ei>t«rs  of  the  micro-orgunisms,  witliout,  however,  destroying  tliem 
k>r  interfering  with  their  vitality.  As  these  amboceptor»  possess  still 
f^  second  affinity,  that  for  the  molecules  of  the  cytases,  or  the 
*■*  complements  "  of  Elirlidi,  the  niicro-organisins  can  he  placed  in 
iCTontact  with  these  soluble  ferments.  Without  the  intervention  of  the 
J^Lxattves,  the  combination  of  the  body  of  micro-organisms  with  the 
■cytaee  can  never  tiike  place,  because  the  receptors  of  the  micro- 
««Drganisms  are  not  adapted  to  those  of  the  eytases.  When  the 
OKnolecuIes  of  these  ferments  are  found  in  the  plasmas  in  a  free 
p^rtate,  they  can  be  attacked  by  the  corresponding  group  of  the 
nlMK-eptors. 
Let  us  compare  the  theory  we  have  just  sketched  with  that 
scribed  further  back.  The  micro-orgiinisms,  inoculated  with  a 
)ii-lethal  but  immunising  dose,  are,  as  we  have  seen,  ingested 
the  phagocytes  and  afterwards  digested  within  them.  This  intra- 
"«ellular  digestion  is  followed  by  the  over-production  of  the  specific 
^^xative,  of  which  a  part  ia  excreted  and  passes  into  the  plasmas. 
^Hlie^  are  the  results  of  the  well-established  experimental  data  [312] 
^^peHcribed  in  this  ciiapter.  Ehrlich's  theory  is  in  no  way  in  oppo- 
^B&tiori  to  this  ;  it  simply  attempts  to  i)eDetrate  more  deeply  into  tiie 
^Bnechanisra  of  the  phenomena  observed  as  taking  place  between 
^the   micro-organism  and  the  cell.     Tlie  act  which  we  simply  term 

Ijlitraeellukr  digestion  is  divided  by  Ehrlich  into  its  constituent  parts, 
làcconling  to  him  there  is  a  combination  of  the  fixative,  on  the  one 
iMiud,  with  the  molecule  of  the  micro-organism,  on  the  other,  with  that 
bf  the  soluble  ferment  or  cyUise.  According  to  Ehrlich  it  is  tlie 
kitlioceptors  of  the  cells  which  liecome  detached  in  order  to  iiirnish 
the  fixative  that  circulates  in  the  plasmas.  For  us  there  is  simply  an 
I  over-production  of  one  of  the  two  ferments  of  intracelltdar  digestion, 
!  without  defining  more  exactly  what  constituent  part  of  this  ferment 
j>a-<^€s  into  the  circulation.  The  two  theories  may  supplement  each 
^^^jtlier  but  are  in  no  way  contradictory  in  principle.  There  is  only  a 
^Hingle  important  {loint  wherein  they  do  not  acconl.  Ehrlich  thinks 
^^hat  the  eytases  are  always  free  in  the  l)ody  fluids  and  that  the  cells, 
order  to  exert  a  digestive  action  on  the  micro-organisms,  must 
îviously  seize  their  molecules  by  means  of  one  of  the  groups  of  their 
"amboceptoi"s.     We,  on  the  conti-ary,  have  develojied  the  idesi  that  the 
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cytoses  are  only  free  in  the  animal  during  pliaj^'olysis  and  that  nnrt€r 
normal  conditions   the  cytases   remain  closely  bound  up  with  tli^ji 
pliagocytes.    This  statement  is  based  upon  a  large  numl^r  of  well^H 
esta  111  tf*hed  experimental  facts  and  must  therefore  be  accepted  as 
proved.     It  does  not,  however,  affect  any  fun<laniental  principle  o^^ 
Ehrlich's  theory.    On  the  other  hand  the  bases  of  Ehrlich's  theorj^l 
affect  none  of  the  main  features  of  the  theory  I  have  developed.     The 
doctrine  which  regards  acquired  immunity  as  a  particular  case  of 
resorption  may  be  recoTiciled  with  tlie  conception  of  amboceptors. 
But  it  accords  equally  well  with  Bordet's  conception,  according  to 
which  the  fixatives  act  not  as  intermediary  substances  between  the 
micro-organism  and  the  cytase,  but  as  substances  which  sensitise  the 
micro-organisms  for  the  penetration  of  the  digestive  ferment.    Tiii» 
delicate  question  has  not  yet  been  definitely  settled,  but  Bordet's 
experiments  described  in  Chapter  IV  are  greatly  in  favour  of  this 
view. 

Neisser  and  Wechsberg'  have  tried  to  obtain  some  idea  of  thi 
[313]  manner  in  which  the  fixatives  act  on  the  micro-organisms  and  have 
recorded  a  series  of  very  interesting  facts.    Tiiey  have  shown  that 
these  substances  only  bring  about  the  tlestmction  of  bacteria  whei^> 
they  are  in  certain  relations  with  the  cytase.    Mixtures  of  fixative^! 
and  cytases  in  which  the  former  are  found  in  excess  not  only  do  not 
kill  the  micro-organisms  but  even  allow  them  to  develop  abundantly. 
To  attain  this  result  Neisser  and  Wechsberg  mixed  constant  quantities 
of  bacteria  an<l  normal  scrum  containing  cyti\se  with  variable  quanti- 
ties of  the  serum   of  immunised  animals  heated  to  56  C.    As  w^^ 
know,  this  s^pecific  serum,  as  the  result  of  being  thus  heated,  w^Ê 
deprived  of  its  cytases,  but  may  be  readily  made  active  again  by  the^ 
addition  of  normal,  unhealed  serum.    This  parutloxical  fact,  demon- 
strated by  Neisser  and  Wechsberg  can,  in  their  opinion,  be  explained 
only  by  Ehrlich's  tlieory  of  amboceptors.     When  these  bodies  with 
double  athnities  are  found  in  too  large  quantity  as  regai-ds  the  cytase, 
it  may  happen  that  one  part  only  of  those  Avhicli  combine  ■with  the 
receptors  of  the  micro-organisms  succeed  in  linking  to  themselves  the 
molecules  of  the  active  ferment.     The  amboceptor  being  by  itself 
incapable  of  destroying  the  mici-o-orgauism,  can  be  injurious  to  it 
only  on  condition  that  it  brings  cytjise.     Consequently  as  the  amount 
of  this  cytase  is  too  small  for  the  much  larger  number  of  ambo- 
ceptors we  can  readily  conceive  that  the  micro-organisms  may  profit 
•  Munchen.  med.  iVchnichr.,  isui,  p.  697. 


Acquired  immunity  against  micro-organisms      299 

t-lierebyaml  remain  alive.  This  interpretation  is  certainly  very  ingenious, 

but  nothing  proves  that  it  corresponds  with  the  real  state  of  things, 

^eisser  and  Wechsberg  have  themselves  observed  that  the  serum 

of  the  normal  goat  can  also  prevent  the  bactericidal  action  of  the 

«ytase-    In  thi.-»  case,  however,  they  suggest  the  intervention  of  an 

siiuicytase  of   this   normal  serum.      The  same    explanation    might 

"perhaps  serve  also  to  explain  the  preventive  action  of  the  serum  of 

immunised  animals.    We  know  that  anticj'tases  are  found  frequently 

enough  in  the  various  serums  and  that  they  undergo  great  variations, 

acconling  to  the  conditions  present  in  ttie  animals  furnishing  the 

blood. 

In  any  case,  it  is  evident  that  the  theory  of  receptors  must  in 
no  way  be  reg!ir<led  as  the  antithesis  of  the  theory  of  phagocytosis. 
This  latter  quite  retains  its  right  to  affirm  that,  in  acquired  im- 
munity against  micro-organisms,  phagocytes  play  the  most  geneml 
and  important  part.  They  hold  back  the  cytases  which  are 
capable  of  ridding  the  animal  of  micro-organisms  from  destroying 
them.  It  is  further  these  same  cells  that  produce  and  excrete  the  [3U] 
fixative  and  protective  substances.  The  free  fixatives  may  attack  the 
micro-organisms  in  the  body  fluids  but  they  are  incapable  of  depriv- 
ing them  of  life  or  even  of  virulence.  The  cytasea,  after  escaping 
from  the  phagocytes,  may  certjtinly,  in  collaboration  with  the  fixatives, 
destroy  a  certain  number  of  the  mJero-orjranisms,  but  only  in  special 
cascn  met  with,  no  doubt,  but  only  nirely,  under  natural  conditions. 
On  the  other  hand,  the  phagocytes  in  the  animal  which  enjoys 
acquired  inmumity  constantly  fulfil  the  function  of  seizing  the 
micro-organisms  and  of  submitting  them  in  their  interior  to  the 
combined  action  of  fixatives  and  cytases. 

Acquired  immunity,  like  natural  immunity  against  micro-organisms, 
prestents  merely  especial  phiisc:^  of  intracellular  dij^cstion. 
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[315]  RAPID  AND  TEMPORARY  IMMUNITY  AGAINST  MICRO- 
ORG.INISMS,  CONFERRED  BY  SPECIFIC  AND  NORMAL 
SERUMS,  OR  BY  OTHER  SUBSTANCFiJ,  OR  BY  MICRO- 
ORGANISMS OTHER  THAN  THOSE  AGAINST  WHICH 
IT  IS  DESIRED  TO   PROTECT  AN  ANIMAL 

Immunity  conferred  by  specific  «enims. — Analogj-  of  the  mechanism  of  this  imraunitj 
with  that  observed  in  immutiitj'  obtained  witli  pnthog^enic  micro-organiBnis  and 
their  products. — Part  pluyud  by  phagocytosis  iu  the  immunity  conferred  hj 
specific  Hcruuiij. — luflucneu  of  opium  on  tlie^  courso  of  imuiuiiiiiatioa  by  these 
serumB.— Stimuliint  itction  of  specific  serunis. — Protectire  and  stimulant  action 
of  normal  serums.— Influence  of  fluids,  other  than  serums:  broth,  urine,  physio- 
logical saline  solution,  etc. 

Antagonism  between  anthrax  and  certain  bitcteria. 

We  have  seen  how  important  \n  the  study  of  acquired  iminnnity 
against  micro-organistms  is  the  demonstration  of  the  protective  power 
of  the  body  fluids.  Without  being  absohitcîy  general,  this  power  h, 
nevertljek'88.  widely  diffu.^ed  and  is  found  even  iu  certain  examples  of 
acquired  immunity  against  micro-orgjuiisms  belonging  to  the  animal 
kingdom.  Up  to  tlie  present  T  have  refrained  from  doing  more  than 
point  out  the  presence,  in  the  fluids  of  the  immunised  animal,  of  this 
protective  property  and  have  studied  it  exclusively  in  relation  to  the 
animal  that  produces  it.  We  must  now  pass  to  the  que.stion  :  How 
do  the  protective  substances  act  in  the  animal  which  receives  them 
ready  formed  ?  This  immunity,  M-hich  has  received  from  Ehrlich  the 
name  of  passive  intîniiniti/  against  micro-organisms,  must  now  be 
examined. 

The  study  we  now  propose  to  enter  upon  is  rendered  much  easier 
from  our  study  of  the  data  acquired  on  the  phenomena  exhibited  in 
the  animal  vaccinated  with  micro-organisms  or  their  products,  data 
already  given  in  the  preceding  chapter.  There  is,  indeed,  a  very 
striking  analogy  between  the  two  kinds  of  immunity,  and  though  we 
draw  a  sharp  line  of  distinction  between  them,  this  is  due  to  the  fact 
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mt  tlie  hunmuity  conferred  by  micro-organisiins  or  their  products 
reciuircs  some  time  f(»r  its  ilevelopiiient  aud  endures  for  a  loug  period,  [316J 
^nrhilHt  t)ic  iiiimunity  due  to  the  nitroductioti  of  6i>eciâc  serums  iuto  au 
suiiiniil  is  set  up  immetliately,  but  endures  for  a  very  short  time  only. 

The  diseases  of  the  Invertebrata  being  seldom  due  to  the  micro- 

ofgauisius  that  produce  infections  in  the  higher  animals,  the  question 

si3  to  whether  the  Invertebrata  can  be  immunised  by  means  of  pro- 

■tective  seriuns  has  not  yet  been  studied.    Still,  we  already  have  certiiin 

ideas  on   the  protection   of  lower   vertebrates  by   specific  serums. 

Khcorghiewsky',  in  my  laboratory,  carried  out  some  exi>eriment8  ou 
lis  point.  He  found  that  the  serum  of  raanmials  (guinea-pig,  goat) 
immunised  against  the  BdciUns  pi/oq/aneiis,  was  under  certain  con- 
ditions capable  of  protecting  the  greeu  frog  against  a  dose  of  this 
■organism  that  was  always  fat;d  to  the  control  animals.  When 
injected  along  with  the  Bacillus  jji/oct/aneus,  the  serum  did  uot 
prevent  a  fiital  infection  ;   sometimes  this  infection  developed  even 

I  more  rapidly  than  in  the  control  frogs.  It  was  only  wheu  the  pro- 
tective injection  was  made  24  or,  better  still,  4JI  hours  before  the 
Inoculation  of  the  bacilli,  that  the  protective  action  beciuue  evident. 
The  serum  used  in  these  expetiuieuts  was  not  bactericidal  for  the 
Bacllltts  pyoct/aucttnyvhkh  grew  most  luxuriantly;  but  it  agglutinated, 
a  large  proportion  of  the  bacilli.  Gheorghiewsky  pointed  out,  how- 
ever, that  frogs  injected  with  cultures  agglutinated  by  the  goat's  serum 
died  just  as  readily  as  did  the  control  animals.    As  the  phagocytic 

I  reaction  was  invariably  very  active  in  those  frogs  which  resisted  the 
»irus.  after  the  injection  of  protective  serum,  it  is  very  probsiblo  that 
tliis  fluid  exercises  a  stimulant  influence  on  the  phagocytes. 
This  idea  of  stimulation  by  anti-infective  serums  in  cases  of  tem- 
porary immunity  conferred  by  these  fluids,  has  already  been  set  forth 
iu  my  researches  on  the  immunity  of  rabbits  against  the  Gentilly 
■■cocco-bacillus,  induced  by  the  serum  of  vaccinated  rabbits.  This 
^■▼iew,  however,  has  not  been  favourably  received,  especially  in  view 
^Pof  the  discovery  of  the  phertontenon  of  tiie  transformation  of  cholera 
^  vibrios  into  granules.  Pfeiffer  himself  noted  that  this  transformation 
^B  took  plitce  not  only  in  the  peritoneal  cavity  of  vaccinated  guinea-pigs 
^pi>ut  also  in  the  peritoneal  cavity  of  normal  guinea  pigs,  into  which  he  [317] 
had  iiijectetl  small  quantities  of  specific  senmi.  As  this  latter  fluid, 
in  Ifeitfer's  hands!,  waa  incapable  of  transforming  the  vibrios  into 
granules  in  vitro,  he  concluded  that  the  cellular  elements  of  the 
>  AniL  de  CImt.  Pa$t«ur,  Puris,  189»,  t.  xiu,  p.  316. 
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normal  animal  were  endowed  witli  the  power  of  modifying  the  in- 
active substance  of  the  specific  serum  into  bactericidal  substance. 
According  to  this  conception  the  immunity  conferred  by  this  scrum 
was  not  entirely  passive  since,  in  order  to  prepare  the  substanoo 
which  transforms  and  kills  the  vibrios,  the  co-operation  of  the  living 
cells  was  ticceâsary. 

My  demonstration  of  the  possibility  of  obtaining  Pfeiffer's  pheno- 
menon t»  vitro  at  once  turned  the  balance  in  favour  of  the  theory 
that  the  inmmnity  induced  by  the  specific  serum  is  due  to  a  direct 
liumoral  action  upon  the  micro-organism.  Under  these  conditions 
such  immunity  could  only  be  interpreted  as  being  purely  passive. 
This  view  seemed  to  be  finally  established  by  Bordet's  discovery  that 
a  specific  serum,  inactive  by  itself,  became  capable  of  producing 
Pfeiffer's  phenomenon,  as  soon  as  a  small  quantity  of  nnimal^  non- 
specific serum  was  added  to  it  Bordet*^  thus  sums  up  his  theoiy  of 
the  immunity  confeiTcd  by  specific  serums  :  "  Ptussive  immunity  is 
due,  in  part  at  least,  to  a  chemical  action  exerted  on  the  vibrios  by 
two  pre-furmed  substances,  the  one  present  in  the  animal  before  any 
injection  is  made,  the  other  found  in  the  scrum  that  is  injected  ;  this 
phenomenon  is  })urely  chemical  in  the  sense  that  it  can  go  on  without 
the  aid  of  a  vital  reaction,  of  any  new  cell  secretion  :  indeed  it  is 
found  to  take  place  in  fluids  from  which  the  cells  have  been  entirely 
removed"  (p.  217).  These  demunstratiuna  led  up  to  the  belief  that 
the  organism  of  the  animal  remained  absolutely  passive  when  it  was 
subjected  to  the  action  of  protective  or  anti-infective  serums,  and  that 
the  case  of  the  cholera  vibrio  represented  a  kind  of  schema,  which 
was  applicable  to  the  whole  of  the  group  of  phenomena  met  with  in 
passive  immunity. 

As  in  the  study  of  the  immunity  obtained  as  the  msult  of  vaccina- 
tions with  micro-organisms  or  their  products,  so  in  "passive  immunity" 
there  was  seen  only  the  direct  chemical  action  of  two  substances  on 
the  raicro-oi-ganisra,  and  eflbrts  were  made  to  extend  this  demonsti-ation 
to  a  series  of  itifective  diseases. 
1313]  Pfeiffer  and  Kolle^  having  observed  that  the  blood  serum  of 
persons  convidescent  from  typhoid  fever,  as  well  as  that  of  animals 
vaccinated  with  the  typhoid  bacillus,  exhibited  a  great  protective 
l)ower  for  the  guinea-pig,  wished  to  get  some  idea  of  the  mechanism 
uf  this  immunity.    They  found  that  in  the  peritoneal  cavity  of  guiuea- 

1  Ann.  cU  Clntl.  Patteur,  Paris,  1H90,  t  i,  p.  193. 
«  /Jtchr.  f.  Htjg ,  Leipzig,  1696,  Btl.  xxi.  S,  203. 
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ingis,  inoculutcd  with  the  typhoid  cocco-bacillua  aud  simultaneously 
subjected  to  the  action  of  protective  serums,  tlie  micro-organisms 
lofte  their  mobility  almost  immediately.  A  little  later,  they  exliibit  u 
degeneration  of  form,  become  less  refractile  and  disintegrate.  After 
the  injection  of  lai-ge  doses  of  specific  serum  the  biicilli,  much  as  iu 
the  ciise  of  the  cholera  vibrio,  become  tranafom^ed  into  granules. 
"  But,"  say  these  authora,  "  this  last  mode  of  destruction,  that  is  to 
tsiy  the  formation  of  granules  at  the  expense  of  the  injected  bacteria, 
d«x'3  not  occur  with  such  remarkable  regularity  as  it  (Iocs  in  Pfeifter's 
phenomenon  in  the  choleni  vibrio"  (p.  219).  Whilst  these  changes 
are  going  on  in  the  petitoneal  fluid,  the  leucocytes  begin  to  come  up 
and  to  ingest  the  bacilli  aud  their  dSris.  "Phagocytosis,  therefore, 
undoubtedly  plays  a  part  in  the  destruction  of  the  bacteria.  Never- 
theless, as  most  of  the  injccteil  bacteria  die  in  the  fluid  of  the 
exudation,  phagtwytosis  can  not  be  regarded  as  the  cause  of  the 
protective  action  of  the  seiiim  "  (p.  22UJ.  We  see  from  this  descrip- 
tion that  even  in  the  case  of  the  typhoid  cocco-bacillus  the  direct 
action  of  the  fluids  of  the  body  is  perceptibly  less  marked  than  in 
the  case  of  the  choleni  vibrio.  Even  in  the  latter,  however,  it  is 
necessary  to  make  many  reservations.  The  same  laws  apply  to  tlie 
immunity  against  this  micro-organism,  confeiTcd  by  the  senun  of 
immuidsed  animids,  îls  to  the  immunity  due  to  vaccinations  by  the 
Tibrios  or  their  j»ro<lucts.  To  treat  this  subject  fully  one  would  have 
to  repe^it  almost  textually  the  two  preceding  chapters,  but  I  will 
simply  recall  the  fact  that  this  transformation,  almost  genend  and 
Terj'  rapid,  as  we  observeii  in  vitro  in  vibrios  placed  in  contact  with 
fresh  specific  serum  or  with  the  mixture  of  this  serum,  heated  to 
55' — 5G'  C,  and  normal  unheated  serum,  is  only  met  with  in  the 
animal  body  where  pliagolysis  appears.  Pfeiffer  first  observed 
the  phenomenon  which  bears  his  name  in  the  peritoneal  cavity, 
and  it  is  best  seen  in  that  situation  during  the  period  of  the 
phagolysis  of  the  white  coipusclcs.  Vibrios,  mixed  M'ith  small  doses  [319] 
of  specific  serum  which  by  itself  is  able  to  render  them  motionless 
and  agglutinate  them,  but  which  is  absolutely  unable  to  transform 
them  into  granules,  pi-esent  this  transformation  immeiliately  they  are 
introduced  into  the  peritoneal  cavity  of  normal  guinea-pigs.  In  this 
case  the  vibrios,  permeated  by  the  fixative  of  the  s|MX'ific  serum,  are 
affected  by  the  microcytase  which  has  escaj>ed  from  the  iryure<l 
phagocytes  and  is  found  in  the  peritoneal  fluid.  The  prepanition  of 
the  peritoneal  cavity  of  normal  guinea-pigs  by  means  of  an  injection 
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of  broth  or  physiological  saline  solution  the  day  before,  prevents  the 
procluction  of  Pfeiflfer's  phenomenon,  in  spite  of  the  protective  serum, 
just  as  in  vaccinated  guinea-pigs.  In  botli  cases  the  vibrios,  without 
being  tmnsforuicd  into  grjumles  by  the  fluid  part  of  the  peritittiejil 
exudation,  are  ingested  by  the  i)hagoc5i«s  en  nuisse  and  with  extra- 
ordinary rapidity.  This  experiment  was  repeated  by  Gamier^  with  the 
typlioi<l  coceo-bacilluB.  He  first  injected  into  the  peritoneal  cavity 
of  young  giiinea-pigjî  several  c.c,  of  physiological  salt  solution,  of  fresh 
broth  or  of  some  other  fluid.  The  next  day  he  introduced  into  the 
same  situation  typhoid  cocco-b;icilli  uii.\c<l  with  Itlood  serum  from 
a  donkey  that  had  been  for  a  long  time  immunised  against  this 
organism.  A  few  minutes  (2 — 4)  after  this  latter  injection  the  leuoo- 
cyteji,  whose  phagolysis  had  been  prevented  by  the  previous  days 
preparation,  were  found  craunned  with  cocco-bacilli.  Some  of  these 
bacilli,  like  thos^e  still  free  in  the  peritoneal  fluid,  reti>ined  their  normal 
fonn,  but  a  very  large  number  of  tli0î<e  itigcsLed  by  the  ndcrophages 
were  already  ti-ansformed  into  granules.  This  experiment  aflTords 
fresh  confiiTuation  of  the  liypothesis  that  tlie  substance  which  trans- 
forms the  cocco-bacilli  or  tlie  vibrios  into  granules  is  the  microcytase. 
In  the  phagocytes  in  their  normal  condition  this  microcytase  is  found 
in  the  micropliages,  but  during  phagolysis  a  portion  of  it  escapes  into 
the  surrounding  fluid.  In  the  control  experiments  made  by  Gamier 
with  young  normal  guinea-pigs  not  prepared  by  preliminary  injection, 
the  siniidtaneous  injection  of  typhoid  cocco-bacilli  and  specific  donkey's 
serum  set  up  this  attenuated  and  not  very  typical  Pfcitfer's  phenomenon 
described  in  Pfeifier  and  Kolle's  memoir. 

Soon  after  the  discovery  of  Pfeiffer's  phenomenon  I*  was  able 
to  bring  forward  a  proof  that  it  was  produced  neither  in  the  sub- 
[320]  cutaneous  tissue,  in  the  oedenias  set  up  by  the  arrest  of  the  circulation, 
nor  in  the  anterior  chamber  of  the  eye  of  animals  when  cholera  vibrios 
mixed  with  aiiti-itifcctive  8i)ecific  serum  were  injected  into  these 
situations.  Here  the  micro-organisms  retain  their  normal  form. 
remain  quite  alive  and  in  this  condition  are  ingested  by  the  leuco- 
cytes which  are  brouglit  up  to  the  points  invaded.  These  cells, 
attracted  by  the  vibrionic  products,  do  not  undergo  any  phagolysis 
and,  untnimmelled,  fulfil  their  phagocj'tic  function.  Inside  them  are 
found  vibrios  which  have  kept  their  elongated  form  and  others  which 
have  become  transformed  into  granules.    The  exudations  containing 

*  Anil,  (hrifitt.  Patteur,  Paris,  1897,  t.  xi,  p.  773. 
'  Ann.  rfo  rimt.  Patteur,  Paris,  1895,  t  ix,  p.  453. 
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•these  dements  still  give  cholera  cultures  on  nutrient  media,  a  proof 

^Xbat  some  at  least  of  the  intracellular  vibrios  are  alive.    Here  wo 

^ptave  no  destruction  of  the  micro-organisma  in  the  fluids  of  the 

'    Ixxly,  consequently  no  direct  action  of  the  bactericidal  substance. 

This  substauce,  enclosed  in  the  phagocytes,  can  only  act  through  the 

intervention  of  these  elements. 

MesniF  made  analogous  e.\periments  with  the  Masaowah  vibrio, 
•which,  unlike  the  cholera  vibrio,  is  peculiarly  virulent  when  injected 
subcutaiieously  into  guinea-pigs.     In   spite  of  this  difference,  this 
micro-organism,  when    injected   along   with    jirotective   serum   into 
normal  animals,  behaves  much  as  docs  the  choleni  vibrio  proper. 
Mesnil  injected  the  Msissowah  vibrios  at  the  same  time  as  the  anti- 
infective  specific  scrum,  iitto  the  subcutaneous  tissue  of  young  and 
adult  guinea-pigs  and  of  young  i-at)bits.    In  every  case  he  observed  the 
same  reaction  phenomena  in  the  animal  organism.    The  vibrios  caused 
the  formation  of  oedema  at  the  point  of  inoculation  and  remained 
isolated  in  the  fluid.    Tlie  majority  of  these  micro-orgiinisms  became 
motionless,  but  a  few  remained  motile.     Pfeiffer  s  phenomenon  was 
never  observed.    There  wtLs  sometimes  an  aggregation  of  the  vibrios, 
but  this  was  not  comparable  with  the  marked  agglutination  brought 
I     about  by  the  specific  serum  /«  vitro.    The  vibrios  retiiined  their  power 
^bf  reproduction,  and  Mesnil  was  able  to  observe  them  in  all  phases  of 
^^ivision.     .Some  hours  (0 — 8)  after  inoculation  the  leucocytes  began 
,     to  come  up  to  the  seat  of  injection  and  set  to  work  at  once  to  ingest 
^B^e  vibrios.    This  phagocytosis  became  more  and  more  marked,  and 
^^Inally  there  was  ingestion  of  the  whole  of  the  niicro-orgjinisms.  Drops 
I      of  the  exudation  coutîiining  only  intniphagocytic  vibrios,  when  placed  [321] 
^■to  the  incubator,  gave  abundant  cultures.    The  leucocytes  died  out- 
^^ride  the  animal  body,  whilst  the  vibrios  continued  to  live  and  grow 
well  under  the  new  coalitions.    Certain  leucocytes  became  three  times 
their  original  size,  and  their  contents  were  seen  to  be  made  up  of 
vibrios  closely  packed  together.    The  subcutaneous  exudation,  when 
I      willidrawu  even  eight  days  after  the  injection  of  the  micro-organisms 
^knd  sown  ou  imtricnt  media,  still  gave  colonies  of  vibrios. 
^^      It  is  evident,  tiierefore,  that  the  direct  action  of  the  protective 
I      senmi  on  the  vibrios  was  reduced  to  a  mere  trifla    It  rendered  them 
motionless  and  brought  about  a  very  slight  clumping,  but  it  wn« 
icapable  of  traneforming  the  vibrios  into  granules  or  of  destroying 
leuî.     We  see,  then,  that  even  in  the  Ciise  of  tiie  vibrios,  the  p*irt 
»  Ann.  dé  P/ntl.  Pattettr,  Paris,  189(j,  t.  x,  p.  371. 
B.  20 
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played  by  PfeiflFer's  plieitDiueiiun  is  very  limited.  The  destruction 
of  tlie  vibrios  is  effected  witli  certainty,  and  completely,  under  the 
iufluouce  of  the  specilic  serums,  not  by  a  direct  action  of  tlie  two  anti- 
bacterial substances  but  through  the  mediation  of  the  phagocytes. 
Before  the  fixative,  intrtxluced  with  the  protective  serum,  can  bring 
about  this  result,  the  leucocytes,  impressed  with  a  special  sensitive- 
ness, must  come  up  to  the  seat  of  inoculation,  seize  the  micro-organisms 
and  secrete  around  them  tlieir  cytase.  It  is  only  as  a  result  of  these 
actions,  purely  vitiil,  that  the  chemical  or  physico-chemical  reaction  of 
the  substances  which  intervene  in  the  destruction  of  the  ribnos  is 
brought  about 

Under  these  conditions  it  can  easily  be  imderstood  that  if  the 
vital  action  of  the  pliagocytes  is  retarded  or  depressed  the  injection 
of  protective  serum  ctmuot  preserve  the  life  of  the  animal.  Cauta- 
cuzi;ne\  who  had  already  made  a  similar  demonstiatiou  on  guinea-pigs 
vaccinated  against  the  cholera  vibrio  by  these  organisms  or  by  their 
products,  carried  out  numerous  experiments  on  the  action  of  opium 
on  normal  guinea-pigs  simultaneously  inoculated  Avith  vibrios  and 
specific  serum.  Before  injecting  this  mixture  Cantacuzène  narcotised 
his  animals  by  means  of  tincture  of  opium.  The  great  nijyority  (| 
of  the  guinea-pigs  so  treated  died  at  the  end  of  one  or  several  daya 
The  transformation  of  the  vibiios  into  granules,  under  the  influenc 
of  the  serum,  took  place  in  the  peritoneal  cavity,  but  the  leucocytes^ 
on  account  of  the  narcotic  action  of  the  opium,  were  tardy  in  coming 
up.  On  tlieir  arrival  in  the  peritoneal  cavity  they  were  capable  of 
[322]  ingesting  the  granules,  but  absolutely  refused  to  seize  entire  vibrios, 
always  fairly  numerous  in  the  exudations.  In  spite  of  the  aitpeamnce 
of  a  large  number  of  leucocytes,  these  cells  were  still  too  weak  to 
offer  any  adequate  opposition  to  the  vibrios,  which  increased  in 
number  and  continued  to  multiply  up  to  the  <leath  of  the  animal, 
when  the  exudation  simply  swanncd  with  very  motile  vibrios.  Some- 
times the  struggle  was  prolonged.  The  weakened  leucocytes  allow 
the  vibrios  to  develop,  but,  after  a  greater  or  less  length  of  time, 
they  regain  their  strength  and  begin  to  ingest  the  micro-organisms 
rigorously.  Complete  phagolysis  follows,  but  the  guinea-pig,  attacked 
by  the  toxic  products  of  the  vibrio,  finally  succumbs  in  spite  of  the 
absence  of  free  vibrios  from  its  body.  ^B 

An  analysis  of  the  phenomena  observed  in  the  body  of  an  anima^i 
treated  with  antivibrionic  serum,  demonstrates  that,  in  spite  of  a 
*  Ann.  de  i'lntt.  Patte ur,  Paris,  ISSS,  t.  xu,  p.  290. 
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certain  direct  action  of  the  substances  contained  in  this  fluid,  there 
still  remain  a  whole  scries  of  processes,  amongst  whicii  the  carriers  of 
the  cytasfs,  tiiatis  to  say  the  phagocytes,  fill  tiie  most  important  rôle. 
JS^ererthelesH,  the  cholera  vibrio  with  its  allied  forms  is  still  the  most 
sensitive  of  all  the  micro-orgauisnis  to  the  bactericidal  action  of  the 
fiuidâ  of  the  body.    It  may,  therefore,  readily  be  conceived  that  the 
more  resistant  micro-organisms  are  even  less  subject  to  the  direct 
influence  of  the  specific  serums.    Thus  we  have  seen  that  the  cocco- 
Iracillus  of  typhoid  fever  presents,  in  tlie  phiigolysed  peritoneal  fluid, 
merely  an  attenuated   furm  of  Pfeiffer's  phenomenon.    The  other 
TepreseuUitives  of  the  group  of  bacilli  are  still  less  subject  to  the 
«lirect  action  of  the  serums,  and  Glieorghiewsky',  in  his  studies  on 
the  BitdllM  pyocyanetts,  found  that  normal   guinea-pigs,  injected 
eubcutanc'onsly  witi»  anti-infective  specific  serum,  and  inocuh»tcd  into 
the  [Kîritoneal  cavity  witii  this  t)rgaiiism,  present  the  same  phenomena 
as  those  described  in  Chapter  VIII.    He  never  noticed  either  lysis 
of  the  bacteria  in  the  fluids  of  the  animal  or  their  total  transforma- 
tion into  agglutinated  nuwses  outside  tlie  iihagocytes.    The  resistance 
offered  by  the  animal  was  always  in  direct  relation  to  the  rapidity  of 
the  appearance  and  extent  of  the  phagocytic  reaction. 

In  order  to  determine  tlie  relative  importance  of  each  of  the  factors 
which  act  in  the  preservation  of  animals  subjected  to  the  influence 
of  the  si>ecific  serum,  Gheorghiewsky  repeate<l  Cantiicuzène's  experi-  [32.1] 
ments  on  tlie  eflect  of  naicotisation  by  tincture  of  opium.  This  alkaloid 
retards  dia[)edesis,  but  does  not  affect  the  tactile  sensibility  or  the 
motility  of  the  leucocytes.  The  humoral  properties,  on  the  other 
hand,  are  not  in  the  least  affected  by  the  narcosis.  In  spite  of  the 
fact  that  in  guinea-]>igs,  narcotised  and  treated  with  anti-infective 
eenun,  the  direct  action  was  not  interfered  with,  the  animals  always 
died  because  the  retarded  and  incomplete  phagocytic  reaction  was 
insufficient  to  destroy  the  bacilli  rai)idly  enough. 

Mesnil"  studied  the  action  of  the  8i>ecific  serum  against  swine 
er}>ipela.'4  on  normal  animals  into  which  he  had  injected  it  some  time 
before  inoculation  of  the  corresponding  bacillus  into  the  peritoneal 
cavity.  Tins  serum  exercises  a  most  marked  protective  acti(m  on  the 
moose,  an  animal  very  suîiceptible  to  the  pathogenic  action  of  this 
micro-organism.  In  mice  so  prepared  complete  and  rapid  phago- 
cjt08i8  takes  place.    These  micro-organisms  before  being  ingested 

'  Ann.  rfn  tfimt.  Pii»tr>ur,  Pari»,  1899,  t  xiii,  p.  312. 
•  Ann.  de  riimt.  Patteur,  Puri»,  1S&8,  t  xii,  p.  VJi. 
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by  the  phagocytes  show  no  appreciable  change  ;  they  are  always 
stained  very  uniformly  and  intensely  by  Gram's  method,  and  they 
never  swell  up.  The  bacilli  undergo  no  agglutination  in  the  body 
of  the  mouse,  a  fact  of  which  we  can  convince  ourselves  by  exaroiui 
hanging  drops  of  the  exudation.  The  phenomenon  which  strikes  th 
observer  most  is  the  very  pronounced  phagocj'tosis,  due  principaJij^ 
to  the  activity  of  the  microphages.  Some  hours  after  inoculati< 
these  cells  are  found  to  be  crammed  with  bacilli,  a  lar^e  nuni' 
of  which  no  longer  staiu  in  the  normal  fashion.  Without  being  trans- 
formed into  granules,  these  micro-organisms  un«lergo  intracellular 
digestion  which  at  the  end  of  a  few  days  is  complete.  This  de- 
struction is  more  rapid  and  complete  in  the  microphages,  slower  in 
the  macrophages.  Drops  of  exudation  collecte<l  from  these  mice,  at 
a  stige  when  the  ingestiou  is  completed,  produce  fatal  8e|)ticaemia 
in  untreated  mice.  This  is  proof  that  at  the  moment  when  they  were 
seized  by  the  phagocytes  the  bacilli  still  retained  their  viriUence. 
Mesnil,  sis  the  result  of  his  expérimenté,  concludes  that  "the  effect 
of  the  serum  is  to  stimulate  the  phagocytes  and  especially  the  poly- 
nuclear  forms;  they  ingest  more  quickly,  they  digest  more  quickly. 
The  serum  is,  therefore,  a  stimulant  of  the  cells  charged  with 
defence  of  the  animal  "  (p.  49G). 
[324]  We  need  not  describe  the  phenomena  produced  in  mice  inocula 
Btibcutaneously  and  treated  with  protective  serum,  for  even  in  the 
peritoneal  cavity  neither  Pfeiffei-'s  phenomenon  nor  any  extracellular 
destruction  of  the  bacilli  can  be  observed.  The  micro-organisms, 
when  subjected  to  the  influence  of  the  specific  serum,  readily  absorb 
the  fixative,  as  demonstrated  by  Bordet  and  Gengou'.  This  absorp- 
tion must  ceilainly  favour  the  action  of  the  intraphagocytic  cytases. 
It  is  not.  however,  sufficietit  to  explain  the  protective,  anti-infective 
action  of  the  serum.  Such  e.\pknatiou  was  given  by  the  experiments 
which  Gengou,  at  my  request,  was  good  enough  to  make.  He  inocu- 
lated mice  with  the  bacilli  of  swine  erysipelas,  mixed  with  specific 
serum  lieated  to  55"  C,  to  which  was  added  some  normal  guinea-pig's 
serum.  The  mice  so  treated  resisted  the  infection  but  controls  died 
in  a  few  days.  Being  thus  assured  of  the  protective  action  of  the 
senun,  Gengou  prepared  the  same  mixtures  of  swine  erysipelas 
bacilli  and  of  the  two  serums  ;  but,  instead  of  injecting  the  whole  of 
the  mixture,  he  removed  the  bacilli  from  the  serums,  after  a  pro- 
longeil  contact,  and  iiyected  the  bacilli  alone  into  the  mice 
1  Ann.  de  Flntl.  PdfUur,  Paris,  1901,  t.  xv,  i>.  289. 
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IjiU'illi  had  Ijecorae  permeated  Avitli  fixative»,  but,  in  spite  of  this, 
they  killed  the  mice  almost  as  quickly  as  the  controls.  Consequently, 
it  is  not  the  fixative  adherent  to  the  micro-organisms  which  deter- 
mines the  protective  action  of  the  specific  serum.  This  fluid  must 
contain  another  substance,  one  that  will  stimulate  the  phagocytes. 

Tlie  analysis  of  the  mechanii^m  of  the  immunity  termed  passive,  that 
is  to  say, communicated  to  normal  animals  by  the  introduction  of  an  auti- 
infective  sjiecific  serum,  teaches  us  that,  even  when  the  direct  action  of 
the  hutnot*aI  sulwtance»  is  very  limited,  the  protective  eflect,  tlianks  to 
tlie  stinmlant  action  wliich  brings  about  tlie  destruction  of  the  micro- 
organisms through  tiie  mediation  of  the  phagocytic  reaction,  is  still 
pro<luccd.  The  result  at  which  we  have  thus  anived  is  confinned  by 
the  examination  of  the  phenomena  observed  in  aniiuals  subjected  to 
the  action  of  anti-authi'ax  serum.  Marchoux'  first  HupjvHeil  us  with 
precise  detiiils  as  to  the  mode  of  action  on  tlie  rabbit  of  the  senuu  of 
animals  treated  with  anthrax  bacilli.  He  found  that,  in  the  peritoneal 
cavity  of  rabbits  injected  the  day  before  with  auti-atitiunx  senim,  the 
inoculaUnl  anthrax  bacilli  almost  immediately  become  the  prey  of  [325] 
phagocytes.  Within  a  couple  of  minutes  after  the  intnuluction  of 
bacilli  into  the  peritoneal  cavity,  the  great  majority  of  them  are 
ingested  by  the  leucocjles  ;  ten  minutes  later,  there  are  no  free 
bacilli.  Not  only  the  ingestion  but  also  the  destruction  of  these 
micro-organisms  takes  place  with  great  rapidity,  and  even  a  few  hours 
after  the  injection,  the  peritoneal  exudation,  when  sown  on  nutrient 
meiHa,  remains  sterile.  In  the  subcutaneous  tissue  the  phagocytic 
reaction  requires  a  longer  time  than  in  the  peritoneal  cavity,  never- 
theless, it  goes  on  very  rapidly.  Thus,  when  inoculated  into  the 
eulKutaneous  tissue  of  the  ear  of  rabbits  treated  with  siwcific  scrtun. 
the  bacilli  are  in  great  part  ingested  at  the  end  of  hulf-an-hour.  At 
the  end  of  an  hour  phagocytosis  is  usually  complete. 

In  Marchoux's  experiments  the  importance  of  the  iwirt  played  by 
the  phagocytes  becomes  still  more  prominent  when  it  impedes  their 
function  in  any  way.  Rabbits  injccte<l  with  anti-antlmix  blood  and 
24  hours  later  inoculated  below  the  skin  of  the  ear  with  anthrax 
bacilli  always  resist  infection,  exhibiting  the  well-marked  phago- 
cytosis just  mentioned.  In  other  rabbits,  however,  prepared  in  the 
gune  way  with  the  serum,  but  inoculated  the  following  day  into  an 
ecchymosis  excited  by  tapping  the  ear  lightly,  a  certain  number  of 
the  bacUli  escape  the  phagocytes  and  succeed  in  setting  up  an 
»  Ann.  (U  rimt.  Pasteur,  Paria,  1895,  t  ne,  p.  800. 
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abiiiulcuit  ocilema  followed  by  a  fatal  antlirax  at  the  end  of  a  f 
On  making  a  post-mortem  examination  of  these  animals  the  baci]^_ 
were  not  numerous,  but  they  were  found  in  all  the  organs.    The  san^f 
result  was  obtained  in  another  experiment  in  which  Marchoux  inocu- 
lated  subcutaueously  with  anthrax  blood  which  coagulated  in  situ 
rabbits  prepared  with  specific  serum.    The  blood  clot  attracted  only 
the  macrophages,  as  pointed  out  in  Cha[>ter  IV.    The  raicroplmgfi 
did  not  come  up  luitil  late  and  tiien  in  small   niunbers.    Now, 
tliese  are  the  phagocytes  that  are  chiefly  instnimental  in  destrojii 
the  anthrax  bacillus,  tlieir  absence  allowed  the  bacilli  to  multiply  anc 
to  set  up  a  fatal  anthrax.    The  rabbits  prepared  with  the  same  serum 
but  injected  with  anthrax  blnod  diluted  with  broth  (which  prevents 
the  formation  of  clot)  completely  resisted  iiifectinn,  thanks   to   tlie 
phagocytic  reaction  which  went  on  withorit  hindrance. 

Sclavo'  also,  who  made  numerous  investigations  on  the  actit 
[326]  of  the  anti-anthrax  serum,  is  of  opinion  that  this  action  is  not  a 
«lirect  one  upon  the  bacillus  but  is  produced  indirectly  through 
the  action  of  tlie  aniniid  organism.  He  maintains  that  the  serum 
stimulates  the  function  of  the  phagocytes  and  augmenti?  the  bacter^^Éj 
cidal  action  of  the  body  fluids.  But  since  this  bactericidal  powe^" 
enters  the  cytase  as  a  substance  destroying  the  micro-organisms,  and 
this  cytase  is  contained  in  the  phagocytes,  we  can  readily  understand 
what  a  dominant  part  in  the  process  tliese  elements  play. 

Sobernheim^,  also,  has  paid  much  attention  to  the  question  now 
under  discussion.  As  the  result  of  his  researches  he  comes  to  the 
conclusion  that  the  anti-anthrax  serum  "cannot  exert  any  effect  on 
tlie  virus  by  a  direct  action  of  the  protective  specific  substances."  In 
order  that  the  serum  may  be  effective,  the  active  intervention  of  tl 
organism  of  the  animal  is  necessary,  otherwise,  it  is  impossible 
explain  why  the  serum,  used  in  the  6an>e  proportion  against  the  sar 
quantity  of  anthrax  bacilli,  should  protect  one  species  of  animals 
(^the  rabbit)  and  allow  another  (guinea-pig,  mouse)  to  succumb. 
When  Sobernheini  tried  to  apply  to  anthrax  the  discovery  of  the 
transformation  of  cholera  vibrios  into  granules,  he  got  only  negative 
result*.  There  was  nothing  produced  comparable  to  Pfeiffers  phe- 
nomenon and  the  antlirax  bacilli  usually  underwent  no  a^iparent 
modification.  Sobeniheim  affirms  also  that  the  rapid  phagocytoflî^B 
under  the  influence  of  the  serum,  described  by  JIarchoux,  "  does  no^^ 

'  GftUnUlil.f.  Biikteriol.  u.  PariuitenL,  Jena,  1S9Î>,  i  Abt,  Bd.  xsvi,  S.  4-2S. 
»  ZUchv.f.  Itijg.,  Leipzig,  1899,  Bd.  xxxi,  S.  110. 
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appear  to  lie  prodnoed  under  all  circumstances''  (p.  117).  As.  how- 
erer,  his  researches  on  tliis  subject  were  made  on  guinea-pigs  whicb, 
in  spite  of  the  treatment  with  specific  serum,  always  ended  by 
fluccumbing  to  anthrax,  we  readily  understand  that  his  results  cannot 
be  compared  M'ith  those  obtained  by  Marclioux.  I  was  present  at  the 
experiments  of  this  observer  and  convinced  myself  of  the  accuracy  of 
the  facts  recorded  iu  his  memoir. 

Most  of  the  examples  here  studied  justify  fully  the  lij^othesis 
of  the  stimulant  action  of  protective  serums,  a  view  that  I  formu- 
lated as  the  result  of  my  researches  on  the  immunity  of  rabbits 
against  the  Gentilly  cocco-bacillusV    In  this  the  first  case  of  anti- 
infective  immunity,  due  to  the  serum  elaborated  by  an  immunised 
animal,  I  could  not  find  cither  a  bactericidal  action,  however  slight, 
or  any  agglutinative  or  attenuating  projierty  of  the  fluids  of  the 
body.    As,  on  the  other  hand,  this  serum  had  no  antitoxic  power,  [327] 
everything  indicated  that  we  must  look  for  its  action,  which  was 
nil  or  very  slight  on  the  micro-orgîinism,  as  lacing  exerted  on  the 
organism  of   the  animal   into  which  it  was  injected  for  protective 
purposes.    A  comparative  examination  of  the  course  of  the  pheno- 
mena in  the  subcutaneous  tissue  of  the  ear  in  rabbits,  some  of 
which  received  an  injection  of  the  specific  serum  into  the  veins  whilst 
othej-s  were  kept  as  controls,  at  once  showed  how  widely  different 
were  the  two  cases.     In  tlie  control  animals,  tlie  cocco-bacilli  im- 
mediately began  to  multiply  without  meeting  with  any  opposition  on 
tlie  part  of  the  organism  of  the  animal  ;  on  the  other  hand,  in  the 
rabbits   treated  with   serum,  the  serum  became  rich  in  leucocytes 
which  at  once  set  to  work  to  ingest  tlie  micro-organisms,     iu  course 
of  time  the  latter  gradually  diminished  in  numbers,  whilst  the  leuco- 
cytes went  on  increasing.    The  piiagocytosis,  al^o,  be«»me  more  and 
more  marked    This  struggle  was  continued  for  more  than  24  houi-s, 
after  which  the  purulent  exudatiou,  containing  masses  of  leucocjtes, 
no  longer  included  any  cocco-bacilli  visible  under  the  microjicope 
either  outside  or  inside  cells.    Nevertheless,  this  pus  was  still  capable 
of  producing  a  fatal  septicaemia  in  untreated  rabbits,  clearly  proving 
that  it  still  contained  some  living  and  virulent  micro-organisms. 
These  cocco-bacilli  pereisted  for  a  long  time  inside  the  phagocytes  ; 
their  presence  being  demonstrated  by  injecting  the  exudation  into 
unprotected  rabbits  and  thus  setting  up  a  fatal  infection.    Finally, 
however,  they  disappear  completely.    On  considenitiun  of  such  f;M;t8 
'  Ann.def/mt.  Patleur,  Paria,  1892,  t  vi,  p.  309. 
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as  these  I  considered  that  T  was  justified  in  forrnulating  the  following 
conclusion  at  the  end  of  m\  memoir  :  "  From  the  fact«  I  have  d« 
scribed,  taken  collectively,  we  may  draw  the  conclusion  that  the 
presen'ation  of  unvaccinated  rabbits  treated  with  serum  is  due  to  a 
superactivity  of  the  phagocytic  defence  ;    and  it  is  allowable  to 
express  the  opinion  that  the  protective  scrum  of  hog  cholera  acta 
in  rabbits  by  stimulating  the  phagocytes,  i-endering  them  less  sensi- 
tive to  the  t<^>xins,  and  by  stimulating  them  in  their  struggle  again^ 
the  bacteria  "  (p.  310).    Tlie  facts  since  collected  by  various  observer 
fully  justify  this  hypothesis.     Amongst  the  other  micro- organ! si 
against  which   a  rapid   immimisation   has  been  obtained  by  meat 
of  serum,  we   must   cite    the   cocco-bacillus   of  bubonic    plague 
Numerous  experiments,  esirried  out  on  several  species  of  animals," 
have  shown  that  antiplague  serum  markedly  augments  the  pliago-^^ 
cytic  reaction.  ^| 

[328]       In  the  group  of  the  cocci,  the  streptococci  have  been  specially 
fully   studied   from   the  point  of  view  now   under  discussion.    As 
alreaily  stated  in  another  chapter,  success  has  been  attained  not  only 
in  thoroughly  immunising  several   species  of  animals  against  this 
dreaded    micro-organism    but  active    scrums   have  been   obtained^ 
capable  of  conferring  distinct  and  certain  immunity.    The  protectiv^H 
action  of  Marmorek's  serum,  prc[)are<l  at  the  Pasteur  Institute,  has 
been  specially  carefully  studied.    This  serum  is  obtained  from  horses 
that  have  received  numerous  injections  of  various  races  of  strepto- 
cocci pathogenic  for  animals  and  for  man'.    At  Louvain,  Denys  and 
his  pupils  prepared  several  other  antistreptococcic  serums  and  studied  ^ 
their  pmtective  effect  on  laboratory  animals.  ^ 

In  colhilK>ration  with  Leclef,  Denys"  began  by  vaccinating  rabbits 
against  streptococci  and  studied  the  mechanism  of  the  immunity 
obtiiined  in  these  animals.  A  summary  of  their  researches  will  be 
found  in  the  eighth  chapter.  Denys  and  Leclef  considered  that  th«H 
serum  of  vaccinated  rabbits  intervenes  in  two  ways,  first  by  dircctlj^" 
hindering  the  multiplication  of  the  streptococcus  and  then  by  exalting 
tlie  activity  of  the  leucocytes.  They  applied  these  results  to  the  case 
in  which  immunity  is  confeiTcd  upon  normal  rabbits  by  the  inter- 
vention of  the  serum  of  the  vaccinated  rabbit,  but  they  were  unable 
to  furnish  any  data  bearing  directly  on  this  immuuity.    Somewhat 

'  Marinorek,  Ami.  de  I'/int.  Pasteur,  Paris,  1895,  t  ix,  ji.  593. 
*  Lit  Celluk,  Lierre  et  Louvain,  I8;i5,  t.  ju,  p.  175,  and  Bull.  Aetd.  roy.  dé  me 
(le  Btiy.y  Bnixelles,  1595. 


later,  Denys^  in  collaboratiou  with  Marcliaml,  published  anotlier 
memoir  in  which  lie  describes  experiments  on  the  mechanism  of  the 
immunity  conferred  on  rabbits  by  injections  of  the  blood-scnun  of 
vaccinated  bornes.  From  these  exiwriments  tliey  draw  the  conchision 
that  '■  the  serum  of  the  horse  immunised  against  the  streptococcus 
possesses  no  bactericidal  properties,  properly  so  called,  against  this 
micro-organism  ;  it  does  not  aiFect  it  directly  ;  but  it  contains  a 
substance  wiiich  renders  the  phagocytic  power  of  the  leucocytes 
extremely  active.  Even  in  the  presence  of  small  quantities  of  this 
Kfum,  the  white  corpuscles  rapidly  ingest  the  8trei>tococci  and  are 
capable  of  stopping  all  development  so  long  as  they  retain  their 
amoeboid  movements."  "The  action  of  the  serum  upon  the  leuco- 
cyte in  its  conflict  with  the  streptococcus,  is  really  dei'ived  from  the 
horse  iumiuuised  against  this  organism.  It  exists  neither  in  the  [329] 
ordinary  horse  nor  in  the  horse  vaccinated  against  diphtheria" 
(p.  15).  Against  these  experiments  of  Deny  s  and  Marchand  we 
might  bring  the  same  objection  that  we  raised  against  the  analogous 
experiments  of  Denys  and  Leclef,  because,  in  both  cases,  these 
writera  lay  too  mucli  stress  on  the  presence  or  absence  of  the  phe- 
nomena of  phagocytosis  in  preparations  kept  outside  the  body  of  the 
auimal.  Under  these  conditions  phagocytosis  is  eflfected  in  a  fashion 
too  artificial  to  be  capable  of  furnishing  exact  infonnation. 

Von  Lingelsheim-  met  Denys  and  Marchand  with  the  fact  that, 
in  their  researches,  the  serum  of  the  horse  immunised  against 
the  streptococcus  was  oidy  feebly  bactericitlal  After  a  prolonged 
contact  (.6 — 12  hours)  with  a  8{)ecific  serum,  the  streptococci,  when 
transferred  to  rabbit»  blootl,  showed  retarded  devcloj)ment  as  com- 
pared with  streptococci  subjected  to  the  influence  of  the  anti- 
diphtheritic  and  antitetiinic  hoi-se  serum.  Von  Lingelsheim  himself, 
however,  points  out  that  the  bactericidal  action  of  the  antistrepto- 
coccic serum  was  feeble  and  transient,  and  required  the  intervention 
of  the  reaction  of  the  animal  cells  within  the  body. 

The  researches  carried  out  by  Bordet'  in  my  laboratory  are  not 
open  to  the  objections  that  we  were  justified  in  putting  forward 
agcainst  the  experiments  made  by  Denys  and  Marchand,  since  he  care- 
fully watched  the  phenomena  of  immunity  as  they  developed  in  the 

»  Brifl  Acad,  rf-ij.  de  méd.  de  Belg.,  Bruxellet,  1896. 

'  Hahdit<uion»-Silir!ft,   Marburg,  1899,  and  in  von   Behritig^'s  "Beilrfigc  inr 
«x{tfriment«llen  Thernpic,"  1899,  Od.  t,  8.  40. 

•  Ann.  de  FlnM.  Pnitmr^  Paris,  1897,  t  xi,  p.  177. 
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body  of  the  animal  subjected  to  the  action  of  antistreptococcic  hor?«e 
Berum.  Bortlet  began  by  studying  the  properties  of  tiiis  senmi  and 
accepted  Denys*  and  Marchand's  statement  that  bactericidal  power,^ 
however  small,  was  absent.  The  streptococcus  grows  as  well  in 
this  serum  as  it  does  in  that  of  the  untreated  horse.  In  the  specific 
serum,  however,  markedly  longer  chains  are  produced  than  in  normal 
serum.  This  difference  is  fuund  only  in  the  earliest  period  of  the 
growth.  The  agglutinative  power  of  the  antistreptococcic  serum  is 
but  feebly  marked.  The  injection  of  a  large  quantity  of  this  serum 
into  a  normal  rabbit  conféra  no  bactericidal  power  upon  the  serum  of 
this  animal.  "  The  serum  extracted  24  hours  after  injection  is  quite 
as  suitable  for  use  as  a  culture  medium  as  that  furnished  by  the 
blood  before  the  introduction  of  the  serum.  In  both  the  micro- 
organism grows  nipklly  and  vigorously"  (p.  195).  Consequently,  in 
[330]  the  antistreptococcic  serum  there  is  nothing  comparable  to  what  we 
obtain  so  readily  with  antivibrionic  serum  :  nothing  which  recalla 
Pfeiffer's  phenomenon,  even  of  an  attenuated  nature.  We  have 
already  noted  the  result  obtained  by  Bordet,  according  to  which  the 
streptococci,  developed  in  the  specific  horse  serum,  were  found  to  bo^ 
endowed  with  their  normal  high  virulence.  ^1 

The  antistreptococcic  seniro,  iiijected  into  the  peritoneal  cavity  of 
the  rabbit  the  day  previous  to  the  microbial  inoculation,  protects 
the  animal  absolutely,  provided  that  the  micro-organisms  be  not  too 
numerous  or  the  quantity  of  serum  not  too  small.  Under  thesefl 
conditions  the  virus  i»  ingested  pretty  rapidly  and,  so  far  as  we  know 
at  present,  completely.  The  micro-organism  is  thus  prevented  from 
developing  and  the  animal  remains  in  good  health,  wliilst  the  control 
animal,  which  has  received  no  senmi,  dies  in  a  very  short  time.  H 

When  the  number  of  streptococci  is  increased  the  effort  of  theB 
animal  orgtmism  to  get  rid  of  them  becomes,  in  spite  of  the 
protective  senmi,  more  severe  and  much  more  prolonged.  Some 
of  the  micro-organisms  certainly  become  the  prey  of  phagocytes,  but 
a  sufficient  number  remain  free  in  the  peritoneal  cavity  to  multiply 
rapidly.  When  the  number  of  streptococci  has  become  sufiiciently 
great  a  phenomenon,  to  which  Bordet  gives  the  name  of  "phagocj'tic 
crisis,"  is  suddenly  observed.  In  the  peritoneal  exudation,  which  has 
become  thick  and  has  taken  on  the  aspect  of  a  homogeneous  and 
white  i)us,  a  moat  rapid  phagocytosis  is  evidently  set  up.  In  a  short 
time  the  whole  of  the  streptococci,  which  were  swarming  outside  the 
cells,  are  ingested  by  the  leucocytes.     "The  essential  condition  foi 


recovery  is  always  this  conipli'te  ingestion  '*  (p.  203").  If  the  ingestion 
ia  not  general,  the  rabbit  may  die,  although  much  later  than  the 
control  animal. 

The  phases  of  the  struggle  between  the  animal  organism,  when 
subjected  to  the  influence  of  the  protective  serum,  and  the  strepto- 
coccus, recall  Salimbeui's  experiments  on  immunised  horse*  The 
rabbit,  in  which  phagocytosis  could  not  take  place  at  once  owing  to 
the  presence  of  too  large  a  number  of  micro-organisms,  exhibits  firet 
8  stage  of  free  development  of  the  streptococci,  after  which  the 
phagocytes  begin  to  fulfil  their  anLibacterial  function.  Here  it  is 
especially  the  macrophages  which  act  ;  the  microphages,  although 
present  in  fairly  large  numbers,  are  entirely  inactive.  This  first  stage 
of  phagocytic  reaction  is  insufficient.  It  is  followed  by  a  period  when  [asi 
the  streptococcus  appears  to  gain  the  upper  hand.  Many  .small 
chains,  having  escajwd  the  phagocytes,  multiply  and  give  birth  to 
fjuite  a  new  generation  of  micro-organisms.  If  a  fresh  impulse  to 
phagocytosis  docs  not  tjike  place  tiie  animal  dies  from  infection. 
When,  however,  the  protective  serum  has  been  of  sufficient  strength, 
a  new  army  of  leucocytes  arrives  on  the  scene  and  the.se  become 
masterâ  of  the  situation.  Phagocytosis  becomes  complete  and  micro- 
phages as  well  as  macrophages  devour  a  large  nund>er  of  streptococci. 

Bordet,  who,  through  his  previous  investigations,  was  well  ac- 
quainted ■nith  the  direct  action  of  the  protective  serum  on  vibrios, 
could  timl  nothing  resembling  it  taking  any  part  in  the  struggle  of  the 
orgiinism  of  the  animal  treated  with  antistret)tococcic  serum  against 
the  8treptococcu.s.  The  most  that  he  could  find  was  that  the  strepto- 
cocci which  again  begin  to  swarm  in  the  exu<lation  are  smaller  in  size 
than  the  normal  streptococcus.  It  must  be  accepted,  as  indicated  by 
the  most  recent  researches,  that  this  micro-organism  becomes  per- 
meated by  the  fixative  substance  of  the  8[)ecific  serum.  We  know 
already,  however,  that  this  fixation  cannot  deprive  the  micro-organisms 
of  their  virulence.  In  any  case,  then,  a  large  share  in  the  f»roces9 
nmst  be  attributed  to  the  action  of  the  phagocytes,  stimulated  by 
the  protective  serum,  iu  the  struggle  of  the  animal  against  the 
streptococcus. 

Having  considered  this  series  of  examples  of  imnnuiity  against 
bacteria  conferred  by  specific  serums,  we  are  in  a  position  to  form 
some  idea  of  the  mechanism  of  this  immunity.  Before  we  come  to  any 
geuend  conclusion,  it  may  be  useful  to  glance  at  an  example  of  this 
BO-callcd  passive  imnumity  against  a  micro-organism  belonging  to 
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the  animal  kingdom.    Such  examples  are  not  numerous,  ag,  in 
majority  of  cases  of  acquired  immunity  against  Protozoan  parasit 
the  serum  is  inactive  and  incapable  of  communicating  immunity 
normal  individuals.     We  have  only  a  single  example,  the  TryfxtnO' 
soma  of  rats,  against  whicli  Dr  Lydia  Rabinowitch  and  Dr  Kenipner^ 
have  demonstrated  the  possibility  of  immunisation  by  the  blood  serum 
of  vaccinated  white  nits.    The  nîechanism  of  this  immunity  has  been 
studied  by  Lavemn  and  Mesnil-,  who  found  that  it  was  like  that 
described  (Chap.  VIII)  in  connection  with  the  immunity  in  white  rats, 
conferred  by  the  iuocuhitioii  of  living  T njpanosomnta.    The  specific 
[332]  serum  does  not  affect  these  infusoria  except  that  it  brings  about  sliglit 
agglutination.    Tryiianosmnalu  i>Iaccd  in  contact  with  it  retain  their 
pristine  vitality  and  motility.    This  fact  le<l  Mme  Rabinowitch  and 
Dr  Kempner  to  advance  the  hypothesis  tliat  the  protective  action  of 
the  serum  must  depend  upon  ite  antitoxic  power.    Since,  however,  il 
the  infection  of  rats  by  the  Trypaiiosomata,  tlie  toxic  action  is  very' 
feeble  if  not  nil,  it  is  very  difficult  to  accept  this  view.     It  certainly, 
appears  to  he  much  more  probable  that  tlie  serum  acts  in  tliia  case,  ; 
in  many  otliei-s,  by  stimulating  the  phagocytic  reaction.     The  rapiditj 
with  which  the  living  Trypaitusomala  are  ingested  by  the  piiagocyte 
has  been  shown  by  Laveran  and  Mesnil. 

Reviewing  the  whole  of  the  daUi  on  immunity  produced  under  the' 
influence  of  anti-infective  or  protective  serums,  it  is  evi<ient  that  they 
fall  under  two  main  categories.  On  the  one  hand  there  is  a  direct 
action  of  these  serums  on  the  micro-organisms,  an  action  that  is  either 
microbicidal  properly  so  called,  agglutiiintive,  or  fixative.  On  thj^^ 
other  hand,  a  stimulation  of  tlie  phagocytic  defence  which  leads  U^f 
the  final  destruction  of  the  micro-organisms  is  set  up.  This  last  factor 
is  general  ;  even  in  the  case  where  the  direct  action  is  most  markt 
(vibrios  in  the  phagolysed  peritoneal  cavity),  ita  importance  is  cob 
siderable.  The  micro-organisms  which  can  be  deeply  injured  by  t\v 
direct  action  of  the  specific  serum  are  few  in  number.  In  most  case 
this  action  is  a  feeble  one  and  needs,  for  its  completion,  effectii 
co-operation  on  the  part  of  the  phagocytes.  In  this  respect  micro-' 
organisms  present  a  whole  gamut  which  begins  with  the  cholera 
vibrio,  the  micro-organism  most  sensitive  to  the  action  of  the  body 
fluids,  and  ends  with  the  Trypmutsonui  of  the  rat,  a  flagellated 

1  Ztgrhr.f.  Hyg.,  Leipzig,  18f)9,  Bd  ixx,  S.  251. 

*  Laveran,  "Titros  et  travaux  Bcientifiques,"  Paru,  1901,  p.  39.    Ann,  da  ri»$ 
Piuttur,  Paris,  1901,  t  XV,  p.  678. 


Immunity  against  micro-organisms  317 

Tnliii»nrian  "which  cannot  hare  even  its  motility  affectetl  by  the  direct 
action  of  tlie  fluid  elements.  In  all  these  cases,  of  course,  the  im- 
munity conferred  by  the  serums  is  duo  to  the  final  destruction  of 
the  niicro-orgjmisms  which  invariably  resolves  itself  into  the  same 
fundamental  act — digestion  by  the  cytases,  a  phenomenon  which  can 
only  be  produced  at  all  quickly  by  tlie  action  of  cytases  containetl 
in  the  protective  senims  or  that  have  escay)ed  from  the  phagocytes 
during  phagolysis.  The  digustiuo  by  the  cytiises  may  also,  and  this 
i»  usually  the  ca>ie,  be  effected  only  after  the  manifestation  of  a  regular 
series  of  vital  phenomena  on  the  part  of  the  defensive  elements 
of  tl>e  body.  As  this  factor  fills  such  an  important  rôle,  it  is  readily 
understowl  that  we  can  not  accept  the  term  passive  immunity  by 
which  to  designate  the  immunity  conferred  by  the  specific  serums. 
The  action  of  the  cytases,  which  is  necessary  to  bring  about  the  final  [333] 
result  in  this  immimity,  depends  too  much  on  the  activity  of  the 
cells  which  contain  the  bactericidal  ferment.  Fof  this  reason,  when 
the  functional  activity  of  the  phagocytes  is  in  alwyancc  or  is  retarded, 
the  animal  succumbs,  in  spite  of  the  presence  in  its  organism  of  a 
more  than  sufficient  quantity  of  cytases.  In  this  connection  Wasser- 
mann's^  suggestiou  of  adding  normal  serums  rich  in  cytases  to  the 
specific  serums  must  be  regarded  as  very  apposite.  When  protective 
serums  poor  in  cytases  or  which  have  lost  them  as  tlie  result  of 
heating,  of  the  use  of  antiseptics,  or  simply  from  the  influence  of 
lime,  are  injected,  no  immunising  effect  is  ever  obtained,  simply  be- 
cause of  the  inactivity  of  the  phagocytes,  the  cells  in  which  the  cytases 
are  found.  If  at  the  same  time  normal  serum  rich  in  cytases  ready 
prepared  be  injected,  better  results  should  be  obtained.  We  may 
recall  here  an  analogous  example — the  anthrax  of  the  mt  Althougli 
possessing  a  large  quantity  of  cytase,  very  effective  against  the  bacillus, 
the  organism  of  the  rat  can  make  no  use  of  it,  because  the  phagocytes 
which  contain  it  do  not  manifest  a  sufficient  activity.  But  the 
injection  into  a  rat  of  blood  serum  from  the  same  species  containing 
a  certain  amount  of  cytase  that  has  esaipcd  during  the  formation  of 
tlie  dot,  is  sufficient  to  preserve  the  animal  against  a  fatal  infection. 

To  support  his  view,  sound  in  principle,  Wassermann  made  an 
experiment  the  interpretation  of  which  presents  certiun  difliculties. 
He  injected  guinea-pigs  with  protective  antityphoid  serum,  in  a  dose 
ini»iifficient  to  protect  them  against  a  fatal  infection.  By  introducing 
along  with  this  serum  a  certain  quantity  of  normal  ox  serum  which, 
»  Dtutuche  me<l.  Wcfmtchr.,  Leipzig,  1900,  8.  283. 
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by  itself,  is  also  incapable  of  avevtÎTig  a  fatal  issue,  Wassermann 
obtains  an  absolute  inmiunity  of  his  animals.  This  immunity  is  due, 
according  to  Wassemiann,  to  tiie  cytase  of  the  ox  serum  acting  along 
with  the  fixative  of  the  specific  serum.  The  united  action  of  the  two 
ferments  causes  the  death  of  the  micro-orgauisma.  Besredka^  haa 
justly  observed  that  normal  ox  senim  contains,  in  addition  to  cytase^jH 
a  substance  which  exerts  a  distinct  agglutinative  action  on  the  typhoid 
cocco-bacillus  and  another  which  stimulates  the  phagocytic  action. 
ITiese  two  substances  resist  a  temperature  of  55° — 60°  C^  and  Besredka 
[331]  shows  that  with  normal  ox  serum,  deprived  of  its  cytases  by  heating 
as  above,  we  can  obtain  the  same  protective  effect  as  with  the  same^ 
serum  unheated, 

Aa  the   result  of  another  series   of  experiments,  Wassemiann' 
recognises  the  immunising  actiou  of  normal  serum  heated  to  GO" 
and  so  entirely  deprived  of  its  cytases.     Into  the  peritoneal  cavity  i 
guinea-pigs  he  injeets,  mixed  witli  heated  nuniiul  rabbit's  serum, 
dose  of  typhoid  cocco-bacilli  several  times  greater  than  the  lethal  dose.^ 
The  guinea-pigs  resist  this  completely.     Analysing  the  mechanism  of 
this  immunity,  Besredka  il.c.  p.  229)  attributes  it  to  the  combined 
action  of  the  agglutinin  and  of  the  substance  wliich  stimulates  the 
phagocytes.    We  have  tiere  another  proof  that  the  stiniulins  which 
play  such  an  importtint  part  in  inmiunity  conferred  by  serums,  ar 
found  not  only  in  the  specific  serums,  but  also  in  normal  seruuiâ 
whether  unheated  or  heated  to  55° — 60"  C, 

The  protective  property  of  the  normal  serums  of  man  and  animalal 
against  the  cholera  vibrio  has  already  been  referred  to.  We  may  now 
go  a  little  more  deeply  into  the  mechanism  by  which  these  serums 
act  This  task  is  an  easy  one  thanks  to  the  important  work  by  Issaeff 
carried  out  in  R  Pfeiffer's  laboratory.  Having  confirmed  the  ob- 
servation, made  by  other  investigators,  that  blood  serum  from  the 
human  subject,  whether  in  health  or  affected  by  any  disease,  is  capable 
of  protecting  the  guinea-jug  against  the  cholera  vibrio  provided  that 
it  is  injected  24  hours  before  the  micro-organisms,  Issaeft'  studied  the 
phenomena  observed  in  the  peritoneal  cavity  of  the  animals  experi- 
mented ujion.  By  means  of  small  ciipillary  pijicttes  he  ilrew  off  at 
intervals  a  small  quantity  of  fluid  from  the  peritoneal  cavity  and. 
examined  it  in  hancrincr  drop  or  in  stained  preparations.    Some 


>  Ann.  de  I' Inst,  Putlfur,  Paris,  liJOl,  t  xv,  p.  2*25. 

'  Deuttche  med.  Wchmchr.,  1901.  .S,  4. 

»  Ztfchr.f.  Hfjg.,  Leipzijj,  1894,  Bd.  xvj,  8,  287. 


Immunity  against  niicro-onjanisinis 

after  tiie  injection  this  fluid  became  more  and  more  ricli  in  leucocytes 
whicli  seized  the  vibrios,  ingested  and  destroyed  them.  To  obtain 
thi»  protective  effect  it  was  necessary  to  inject  from  0*1  to  6  ce.  of 
liuman  blood  serum.  With  tlieae  doses  he  could  prevent,  not  only 
infection  of  the  guinea-pigs  by  the  cholera  vibrio,  but  also  the  lethal 
effects  of  other  vibrios.  The  protective  action  of  normal  human  serum 
is  general,  therefore,  and  not  specific,  such  as  is  the  immunity  conferred 
by  the  serums  of  vaccinated  animals  or  of  the  human  subject  who  has 
suffered  from  an  attiick  of  cholera. 

Shortly  afterwards  Funck  ^  confirmed  this  re;*ult  in  the  case  of  the  [33."» 
typhoid  cocco-bacillus.  He  observed  tliat  normal  horse's  serum,  in- 
jected as  a  protective  agent  in  the  dose  of  half  a  aa  into  the  peritoneal 
aivity  of  the  euinea-pig,  preserved  this  animal  from  a  fatal  infection, 
rfeiller  and  KoUe  and  Chantemesse  and  Widal  obtained  the  same 
résulta  with  human  serum.  The  former  observers  lay  special  stix-ss 
on  the  non-specific  character  of  this  protective  action  of  normal 
serums.  As  to  its  mechanism,  Funck  sums  it  up  as  follows  :  "  the 
*il>ecific  senim  brings  about  a  rapid  lysis  of  the  bacilli,  normal  serum 
act'^  in  a  much  more  limited  fashion  ;  if  the  dose  is  very  large  and 
if  the  animal  resists  infection,  the  phenomena  of  extracellular  de- 
generation are  rarely  appreciable,  and  it  seems  that  here  the  specially 
important  factor  is  the  intracellular  destruction  of  the  bacteria,  in  the 
phagocytes"  (p.  70). 

Wassermann  has  shown  the  protective  action  of  normal  serum 
against  the  experimental  disease  produced  by  the  staphylococcus. 
This  action,  although  not  absolutely  general,  is  nevertheless  widely 
distributed.  Wassermann",  from  comparative  investigations  on  this 
subject,  «ime  to  the  conclusion  that  "  the  serum  of  a  different  species 
of  animal  acts  by  greatly  increasing  the  resistance,  whilst  the  serum 
of  the  sïime  species  produces  an  effect  which  la  not  nearly  so  marked." 
As  in  these  normal  serums  a  stimulating  influence  on  the  phagocytes 
is  specially  marked,  it  may  readily  be  understood  that  the  serum  of 
the  same  animal  or  of  the  same  species  does  not  produce  so  energetic 
au  effect  as  the  serum  of  a  different  species.  As  these  normal  serums 
]K>8»e88,  not  oidy  the  property  of  exciting  phagocytosis,  but  often  also 
tliatof  rendering  motionless  and  of  agglutinating  certain  micro-organ- 
isms, there  might  be  some  difficulty  in  interpreting  the  part  played 

*  "I^  Sérothérapie  de  la  fièvre  typhoïde."  Bruxelles,  1S96,  p.  69. 

*  ZUchr.f.  Ut/if.,  Leipzig,  lÛOl,  Bd.  xxxvii,  S.  193. 
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by  these  senimf».    It  may  be  useful,  therefore,  to  pass  in  review" 
l>rotective  action  of  fluhls  less  complicated  than  blood  serum:». 

IssaefF,  in  ttie  work  already  cited,  demtmstrated  that  not  only 
normal  serums  but  a  whole  series  of  flidds,  such  as  urine,  broth,  etc^ 
exert  a  protective  effect  agsiinst  microbial  infections.  These  fluids 
must  be  injected  about  24  hours  before  tlie  introduction  of  the 
bacteria.  The  best  method  coiisistH  in  injecting  them  directly  into 
[338]  the  peritoneal  cavity,  after  which  the  animals  acrpiire  an  immunity 
against  absolutely  fatal  doses  of  cholera  vibrios.  Funck  Terified  this 
oliservation  for  the  infection  caused  by  the  typhoid  cocco-l)acillu8, 
and  Bordet  confirmed  it  for  the  streptococcus.  The  injection  of 
peptonised  broth  into  tlic  peritoneal  cavity  of  the  normal  guiuea-pig, 
made  24  hours  befure  an  inoculation  of  double  the  fatal  dose  of  the 
streptocuccur'.  exerts  a  distinct  protective  action  ;  the  infection  does  uot^ 
kill  the  animal.  This  broth  is  neither  bactericidal,  attenuating,  no^H 
agglutinative  ;  it  forms  a  good  culture  medium  for  the  streptococeuH 
and  possesses  no  fixative  power.  Consequently  it  does  not  act  directly 
on  the  vitality  or  virulence  of  the  micro-organism  ;  nevertheless,  it  is 
distinctly  protective. 

According  to  Issaeff's  researches,  the  protective  substances  used 
by  him  must  be  arranged  in  the  following  order  as  regards  their 
action  against  the  cholera  vibrio.  Tuberculin  is  the  most  effective  ; 
then  comes  a  2  7o  solution  of  nuclctn,  followed  by  normal  human 
serum,  broth,  and  urine,  whilst  physiological  saline  solution  is  the 
least  active.  All  prevent  infection  by  the  vibrios,  bat  the  protection 
is  effective  for  some  days  only;  this  protective  action  is  exerteU^ 
against  various  kinds  of  bacteria,  being  in  no  sense  specific.  ^| 

Pfeiff'er  lays  so  nmcli  stress  on  the  great  difference  between  the 
protective  power  of  normal  serums,  as  well  as  of  the  other  lluid^_ 
mentioned,  and  that  of  the  anti-iufcctivc  specific  serums,  that  he  evcl^f 
proposes  to  classify  the  first  grou])  as  giving  rise  to  pscudo-immuniiy 
or  resistance.    This  view  is  certiiinly  an  exaggerated  one,  because  it^g 
is  difficult  to  draw  a  very  distinct  line  between  the  two  groups  o^| 
phenomena.     There  are  nurniiU  serums,  of  which  O'l  cc.  is  quite 
sufficient  to  confer  the  protective  effect,  just  as  there  are  specific 
serums  of  which  it  is  necessary  to  make  use  of  a  much  greater  doa 
to  attain  the  same  residt. 

Protective  fluids,  other  tlmn  the  serums,  only  manifest  their 
fluence  by  exciting  a  great  phagocytic  "superactivity."    As  the 
of  their  injection  into  the  peritoneal  cavity  of  normal  guinea-pi| 
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first  a  transitory'  pliagolysis  is  iuduccd,  tiiis  being  soou  replaced  by  a 

Tery  considerable  alllux  of  leucocytes,  which  is  maiiit;iiiied  for  24  hours 

or  longer^  and  then  gives  place  to  the  nornml  condition.     It  is  during 

the  period  of  tlie greatest  leucocytosis 

of  the  peritoneal  flui<l  that  the  animal 

exiiibitâ  the  most  marked  resistance 

against    infective    micro-organisms. 

The    vibrios    are    rapiiUy    ingested 

by  the  phagocytes,  without  having 

previously  been  acted  ujiou  by  the 

"  humours."     Bordet  shows  that  tlie 

same  thing  happens  in  the  ca«e  of 

the    streptococcus    inoculated    into 

guinea-pigs  after  a  protective  iiyec- 

tion  of  peptonised  broth. 

We  have  observed  the  same  phe- 
nomeaon  in  guinea-pigs  and  white 
rats    inocidated    with    the    cocco- 

bacdlus    of   plague.    Treated    with  ^^^^^  aeveloped  nrithin  « 

freshly  prepared  peptonised  broth  macrophage  from  guinea-pig. 


[337] 


7u>,  43.  Macrophage 
from  gninea-pig 
filled  with  plague 
bacilli. 


Tin.  Ai.    Macrophage 

from  gainea-pig 
coDt&iiiinR  plagne 
bacilli  which  are 
commeuciag  to  es- 
cape from  tlie  pro- 
toplasm. 


Fio.  45.  Macrophage  from  guinea- 
pig  which  haa  borst  as  the  reanlt 
of  the  development  of  plague  bacilli 
within  it. 


the  day  previoxis  to  inocidation,  these  animals  oppose  to  the  micro- 
organism a  much  more  marked  rcsi.stance  than  do  the  control  animals. 
The  injection  of  the  cocco-bacillus  of  plague  seta  up  a  marked  phago- 
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cytosis  on  tlie  part  of  the  roacropliages.  These  cells  ingest  larg 
numbers  of  micro-organisms  which,  after  a  time,  have  all  passed  into"' 
the  phagocytes.  If  a  drop  of  the  peritoneal  exudation  is  now  with- 
[338]  drawn,  we  find  only  intracellular  cocco-bacilli  (fig.  43).  If  the  drop  l)e 
kept  for  some  time  outside  the  animal  and  at  a  suitable  temperature 
the  macrophages  may  be  seen  to  perish  and  the  micro-organisms  to 
develop  in  their  contents.  We  thus  obtain  abundant  cultures  which 
pass  from  the  interior  of  the  macrophages  into  the  fluid  of  the 
exudation  (figs.  42,  44,  45).  When  the  animals  are  not  suflBcicntly 
protected  the  same  phenomenon  is  obserrcd  in  the  peritoneal  cavity 
of  the  living  animal.  The  macrophages,  crammed  with  cocco-bacilli. 
burst,  allowing  the  micro-organisms  to  escape.  These  multiply  in  the 
I)eritoneal  fluid  and  spread  through  the  animal,  wliich  soon  dies. 

Wassermann  alfirms  that  "the  artificially  incrcjised  resistance 
nothing  but  an  active  and  reinforced  afflux  of  the  complement 
(cytases)  towards  one  point  in  the  animal,  for  the  pm-pose  of  di- 
gestion." {ZlHchr.  f.  Hyg.,  Leipzig,  1901,  Bd.  xxxvii,  S.  199.) 
Wassermann  does  not  explain  how  this  afflux  of  cytases  is  produced. 
The  entirely  concordant  researches  on  this  point  by  Issaefl^  Funck, 
Bordet,  and  ourselves,  prove  that  this  afflux  takes  place  not  through 
the  mediation  of  the  fluid»,  but  solely  tlirough  the  phagocytes, 
the  carriers  of  the  cytases.  Consequently  it  is  beyond  dispute  that 
in  the  immunity  conferred  by  physiological  saline  solution,  broth,  and 
several  other  fluids,  we  have  to  do  solely  with  an  augmentation  of  the 
phagocytic  reaction.  In  the  immunity  conferred  by  normal  or  specificfl 
serums,  this  same  ^tirnidating  factor  still  plays  the  more  important 
part.  Along  with  it,  however,  there  is  an  intervention  more  or  less 
pronounced,  according  to  circumstance,  and  more  or  less  frequent,  of 
cytases,  brought  by  the  serums  prciiared  outside  the  body  or  that 
have  escaped  during  phagolysis,  as  well  as  of  substances  truly^ 
humoral,  such  as  the  fixatives  or  the  agglutinins.  M 

Amongst  the  non-specific  substances  which  are  capable  of  con- 
ferring an  immunity  more  or  less  stable,  must  be  placed  the 
products  of  micro-orgauisms  other  than  those  against  which  we  wish 
to  protect  the  animal.  Pasteur^  noted  that  wheu  the  anthrax 
bacillus,  mixed  with  other  micro-organisms,  in  themselves  inotfensive. 
is  inoculated  iuto  animals,  anthrax  does  not  develnp  and  the  animals 
remain  welL    Later,  Emmerich-  showed  that  the  streptucoccus  of 

*  Compl.  rend.  Acad.  d.  tc,  Paris,  1877,  t  txxxv,  p.  107. 
»  Arch./.  Byg.,  Miinclicn  u.  Leipzit',  lb»7,  BU.  vi,  S.  442. 
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et^sipelas   exerts    an    aiitiigoiiistic    iufluetice    agaiust   the  antlu'nx 
bacillus.    He  succeeded  in  iimmmising  and  oven  iu  curing  rabbits  [330] 
inoculated  with  anthrax,  by  hiibniitting  tliciu  to  the  action  of  this 
etreptococcun. 

These  expérimenta  served  as  the  starting-point  for  several  works 
OD  the  vaccination  of  animals  against  anthrax  by  means  of  various 
micro-orgaiiiâuis,  as  well  as  by  their  products.  Puwlowsky^  Watsou- 
Cheyne-,  and  Bouchard'  have  proved  that  bacteria  not  very  patho- 
genic and  even  saprophytes,  such  as  the  Cocco-bacillits  proditjiosug, 
Friedliindcr's  bacillus,  and  the  Bacillus  pynnjanens,  were  also  capable 
of  preventing  infection  by  the  anthrax  bacillus.  Freudcnreich* 
showed  that  not  only  did  the  bacillus  of  blue  pus  exert  an  antiigu 
nistic  action  but  that  the  same  effect  could  be  obtsiined  with  sterilised 
culturea  of  this  orgimisnt.  Woodhead  and  Cart\>Tight  Wood'  studied 
the  vaccinating  action  of  tliesc  i)roducts  on  rabbits  inocidated  with 
riruleut  anthrax  bacilli.  The  animals  resistetl  c"orapletely  or  survived 
for  Bome  time.  Analysing  the  phenomena  produced  under  such  con- 
ditions, tliese  two  autliors  came  to  the  conclusion  that  tiie  action  of 
sterilised  cultures  of  Bacillus  jMjocf/aneué  is  "  indirect  and  as  taking 
place  either  by  opposing  itself  to  the  action  of  the  poison  upon  the 
tissues,  or  bj  stimulating  certain  tissnee  and  iiicreâsing  their  func- 
tional activity."  With  the  object  of  obtaining  an  exact  interpretation 
of  this  antagonistic  influence  I  suggested  to  M.  Blagovestchensky' 
that  he  should  investigate  in  detail  the  pheuomeua  which  take  place 
in  the  organism  of  rabbits  inoculated  with  the  anthrax  bacillus  and 
submitted  to  tlie  action  of  sterilised  cultures  of  the  Bacillus  pyo- 
cyaHtus.  At  the  very  outset  this  observer  was  met  by  the  fiict  that 
these  cultures  act  directly  upon  the  vitality  of  the  anthrax  bacillus. 
Tliua  the  sissociation  of  the  former  with  the  anthrax  bacillus  in  vitro 
was  gullicicnt  to  interfere  with  the  development  of  the  latter.  Under 
these  conditions  he  had  to  renounce  the  investigation  of  the  part 
played  by  the  cellular  elements  of  the  rabbit  iu  the  antagonism  of  the 
two  l>acteria. 

Friedlander's  bacillxis  has  been  found  to  be  much  more  suitable 
for  this  line  of  research  as  is  shown  by  work  carried  out  by  Freiherr 

>   Vircliutc't  Archie,  Berlin,  1687,  Bi  ovin,  ti.  494. 

*  Lundon  Minliati  Jfacrd,  1887. 

*  Compl.  retul  Acml.  •!.  nc,  I'nrig,  1889,  t  cnn,  p.  713. 

*  AtitL  d.  Microgr.,  Pari»,  1689,  p.  405. 

'  Compt.  rend,  Acad,  d,  te.,  Paris,  16S9,  t  OIX,  p.  985. 

*  Ann.  de  flnst.  Patteur,  riiris,  1890,  t  tv,  p.  689. 
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[3-to]  von  Dungera^  in  my  laboratory.  This  observer  conyinced  himficlf 
that  "  anthrax  bacilli  are  weakened  neither  by  the  encapsuled  bacilli 
nor  by  the  substances  which  they  contain."  These  micro-organisms 
do  not  interfere  in  the  slightest  with  the  anthrax  bacilli  either  outside 
or  within  the  animal,  and  "  when  the  anthrax  infection  does  not  be- 
come generalised  it  is  due  to  the  fact  that  the  anthrax  bacilli  are 
ingestefl  by  the  phagocytes  at  the  seat  of  inocidation  and  destroyed 
within  the!^e  cells"  (p.  183).  ^ 

In  iViti  action  of  foreign  micro-organisms  u|)on  micro-organisuo^l 
against  which  we  wish  to  protect  the  animal  we  have  to  deal  with 
something  analogous  to  the  condition  we  obtain  when  immunising 
with  normal  serums  or  with  any  other  kind  of  fluid.  In  both  cased 
immunity  is  rapidly  established,  but  it  is  very  transient  and  is  con- 
fined to  a  stinndation  of  the  phagocytic  resistance.  Direct  action 
may  also  intervene,  as  in  tlie  case  of  Bacillus  pyocyancuSj  but  it  is 
not  indispensable.  The  animal  whose  phagocytes  are  in  a  condition 
of  superactivity  can  do  without  this  direct  action,  its  own  resourca^H 
being  suihcicnt  to  arrest  antlimx.  ^| 

Following  the  same  lines  of  investigation  as  those  on  the  an- 
tagonism between   the  anthrax   bacillus   and  sevend   other  micr 
orgcinisms,   Klein-  has   demonstrated  that,  in  order  to  prevent 
gtiinea-pig  from   contracting  experimental  cholera  peritonitis,  it 
only  necessarj-  to  inject  into  it,  the  day  before  infection,  a  culture 
Finkler  and  Prior's  vibrio  or  of  certain  other  bacteria.     These  ex- 
periments by  Klein  served  as  the  point  of  departure  for  Issaefl^'s  work 
which  led  to  the  discovery  of  the  stinndating  influence  of  all  kinds 
fluids  injected  into  the  peritoneal  cavity  of  guinea-jiigs. 

In  this  transient  imnuinity  obtained  with  products  foreign  to  the 
micro-organism  against  which  one  is  vaccinating,  the  most  constant 
and  consequently  most  important  part  is  again  played  by  the  pliago^ 
cytes.    But  tiiere  is  associated  with  it  an  influence,  gi-eater  or  less 
degree,  of  substances  present  in  the  serums,  such  as  the  micrccyl 
and  fixatives,  which  are  able  to  exercise  a  direct  action  on  the  pathc 
genie  micro-organisms.     In  all  cases  known  and  analysed  up  to  the 
present,  the  intervention  of  the   living  organism  of  the  animal  is 
indispensable,  consequently  this  form  of  acquired  immunity  agait 
micro-organisms  cannot  be  regarded  as  being  really  passive. 
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*  Zttehr.f.  JJyg^  Leiprig,  18«*,  Bd.  xnn,  8.  1Ï7. 

*  Cmlratbl./.  BakUrioL  u.  Farasitenk.,  Jena,  1893,  Bd.  ira,  8.  428, 
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Smnplea  of  natural  imuitihitj  against  toxiod. — Imniuiiit}*  of  spiders  and  scorpions 
nçitinst  tcUinua  toxin. — Iinitiutiity  of  tlio  scorpion  a^înat  its  own  ]>oiM>n. — 
Antivcnomous  property  of  the  blood  of  the  scorjjion. — Immiuiity  ngiiinst  tetanus 
toxin  in  tlie  lan'ao  of  Orijctes  and  in  Llio  cricket — Immunity  and  easceptibility 
of  frogs  ugainiit  tliia  toxin. — Niitiinil  immunity  of  reptiles  agaiuat  teUiniis 
toxin. — Autitetanic  proi)frty  of  tlie  blood  of  alligiitors. —  Immunity  of  smakea 
pgaiast  Kuake  renom. — Immunity  of  the  fowl  aguinst  tetinus  toxin. — Immunity 
of  the  hedgehog  agninât  poi^ns  and  renouu. — Imniimity  of  tho  rat  ugainat 
diphtheria  toxin. 

As  in  this  book  we  are  dealing  specially  with  the  immnnîty  a<;aiiist 
infectire  disease»,  the  question  of  the  resistance  oi'  the  aninial  to 
poisons  interests  us  only  in  so  far  as  it  is  related  to  immunity  against 
micro-organisms.  Consequently  the  reswler  must  not  espect  a  treatise 
on  intoxications  properly  so  railed  nor  one  on  ininuinity  acfaiust  all 
kindâ  of  poiiM)ns.  To  perform  such  a  task  we  should  have  to  far 
overstep  the  bounds  of  the  subject  that  we  have  chosen  and  enter 
upon  an  e.\amination  of  questions  which  are  beyond  our  spliere.  Our 
chief  aim  is  to  present  to  the  reader  a  summary  of  our  present 
knowleilgc  on  immunity  against  microbial  toxins  and  to  establish 
the  relations  Ix^tween  this  kind  of  innnnnity  and  immunity  against 
infective  micro-organisms.  In  onler  to  do  this,  however,  we  shall 
have  DOW  and  again  to  go  beyon<l  the  limita  of  our  prograniuie  and 
discuss  certain  problems  bearing  on  the  resistiuice  of  the  animal 
organism  against  poisons  not  of  microbial  origin. 

Tho  immunity  against  toxins,  like  that  against  the  micro-organisms 
themselves,  may  be  either  natural  or  acquired.  As  many  jioisons 
have  Ikjcu  known  from  time  innnemorial,  we  are  able  to  collect 
Dttinerous  observations  on  the  resisUince  of  the  animal  organism  to 
such  substances  made  when  there  was  no  idea  of  imniunity  agahist 
infective  «liï^cases.  The  etiology  of  intoxications  is  often  mucli  more 
evident  and  simple  than  is  that  of  infections  ;   this  is  one  of  the  [342] 
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reasons  that  the  older  conceptions  on  the  subject  of  inununity 
poisons  were  more  advanced  than  were  those  on  imraunity  agaiu*t 
infective  diseases.  H 

Several  examples  of  natural  immunity  in  the  lower  animals  have 
already  been  cited.  Thus,  we  have  seen  in  previous  chapters  that  the 
Infusoria  are  resistant  to  poisons  that  exert  a  powerful  action  on  a 
large  number  of  the  higher  animals,  such  as  the  tetf-inus  and  diph- 
theria toxins  and  especially  the  ichthyotoxin  of  eel's  serum.  We 
have  mentioned  the  case  of  the  larva  of  Oryct^s  nasicornia  which  is 
unaffected  by  large  doses  of  the  toxins  of  certain  bacteria  and  which 
at  the  same  time  is  very  subject  to  fatal  infections  by  very  small 
doses  of  the  bacteria  that  fonn  the  poisons.  These  larvae,  like 
those  of  the  cockchafer,  are,  however,  fairly  susceptible  to  tlie  jioison 
of  the  scoi'pion.  Several  other  species  of  Arthropodsi,  which 
have  been  studied  from  the  point  of  view  of  immunity  against 
toxins,  have  exhibited  analogous  features.  Thus  spiders  and  scor- 
pions are  refractory  to  tetanus  toxin.  In  one  experiment  I  iryected 
into  the  abdominal  cavity  of  a  Myyah  from  the  Congo  (which 
wcighwl  7  gmi.  5)  1  cc.  of  tetanus  toxin  on  two  several  occasions. 
This  dose  is  sufficient  to  kill,  with  the  symptoms  of  tetanus,  lOoo  mice^ 
of  double  the  weight.  The  spider,  kept  in  the  incubator  at  36°CjB 
remained  quite  M'ell  during  the  two  months  that  the  exiieriment 
lasted.  It  exhilnted  no  symptom,  not  even  transient,  of  muscular 
stiffening,  nor  any  change  in  its  habits  and  natural  finictions.  The 
tetanus  toxin  disappeared  from  the  blood  of  the  31y<j(tle,  but  this 
blood  at  no  time  showed  the  slightest  antitoxic  power  against  this 
poison.  This  example  of  natural  immunity  cannot,  therefore,  be 
ascribe<l  to  any  antitoxic  property  of  the  fluids  and  must  be  regarde<l 
as  a  case  of  immunity  of  the  tissues — von  Behrings  histogenic  im- 
munity. In  the  present  imperfect  st^te  of  our  knowledge  it  is 
impossible  to  describe  precisely  the  mechanism  of  this  immunity. 
When  we  say  that  the  spider  is  refractory  to  the  tetiiuus  toxin 
because  its  susceptible  elements  have  no  receptors  capable  of  seizing 
the  haptophore  group  of  this  poison,  we  simply  give  expression  to  aj 
hypothesis  which  we  are  not  in  a  position  to  verify  by  experiment. 
The  scorpion,  a  well-known  representative  of  the  Arachuida  with 
[343]  segmented  abdomen,  shares  with  the  Mygale  in  the  immunity  against 
tetanus  toxin.  The  Algerian  and  Tunisian  scorpions  (Scorpio  o/er  and 
Androctonus  occitanus)  withstand  the  action  of  doses  of  this  poison 
which  are  fatal  for  1000  mice  and  more.    Taking  weight  aa  our 
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Rfandard  we  may  inject  into  tliem,  with  imimnity,  more  than  5000 
times  as  much  toxin  as  into  mice,  witliout  setting  up  a  single  morl)i(l 
symptom.  Scorpions,  like  the  Mygale,  live  well  in  the  incubator  at 
36"  C,  where  they  are  kept  whilst  submitted  to  the  action  of  tlio 
tetanus  poison.  Here  again  we  have  to  do  with  a  caste  of  histogciiic 
immunity.  The  fluids  of  the  scorpion  exert  no  antitoxic  action. 
When  blood  from  the  normal  scoipion  is  mixed  with  various  doses  of 
tetiiniis  toxin  and  injected  into  mice  these  auinnils  contract  tetanus 
and  die  just  as  do  the  control  animals.  In  certain  exceptional  cases 
some  slight  retardation  was  observed,  but  the  blood  of  the  scorpion 
is,  ID  most  cases,  incapable  of  preveutiug  tetanus  in  animals  sus- 
ceptible to  this  disease. 

Scorpions,  iiyected  with  tetanus  toxin,  do  not  retain  it  in  their 
blood  for  long.  A  few  days  after  the  injection  of  the  tetanus  poison 
such  blood,  when  injected  subcut^iueously  into  mice,  excites  no  trace 
of  tetanus.  The  preparation  of  extracts  of  the  different  organs  of 
scorpions  treated  with  tetatius  toxin  demonstnites  that  the  liver  anil 
tlie  liver  only  absorbs  the  poison.  It  is  found  there  a  few  days  after 
the  injection  of  the  toxin  and  it  remains  there  unaltere<l  for  some 
considenible  time.  The  exudation  of  the  liver  of  scorpions,  killed  a 
month  or  more  after  the  introduction  of  the  toxin  into  the  general 
cavity,  iryected  into  mice  sets  up  a  typical  and  fatal  tetanus. 

The  presence  of  the  tetanus  Utxiu  in  the  organism  of  scorpions 
doe»  not  give  rise  to  the  production  of  antitoxin.  At  any  rate  a 
vrhole  series  of  experiments  on  this  point  carried  out  by  us  never 
gave  a  positive  result.  Tlie  scorpions  resisted  rejKiated  doses  of  the 
tetanus  toxin  and  lived  without  any  difficulty  at  3(î°  C,  but  their 
blooil  was  never  at  any  period  capable  of  preventing  mice  from 
amtracting  fatal  tetanus.  Nevertheless  the  scorpion  may  possess 
antitoxic  power. 

Everyone  has  heard  of  the  suppose<l  suicide  of  the  scorpion.  We 
are  told  that  when  this  animal  finds  itself  under  conditions  in  which  its 
death  is  inevitable,  it  stings  itself  with  the  end  of  its  tail  and  dies 
from  the  effect  of  its  own  jjoison.  A  simple  method  of  reproducing  [344] 
this  experiment  is  actually  described: — Surround  the  scorpion  with  a 
circle  of  fire.  The  animal  rushes  in  all  directions  to  find  a  way  out, 
and  finding  none,  deliberately  commits  suicide.  Bounie^  at  Madras 
uiivfully   investigated   this  question   in  a  large  species  of  Indian 

»  Pr'^:  Roy.  Soc  London,  I8S7,  Vol.  XLIl,  p.  17. 
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8cori>ion  and  demonstrated  the  absolute  erroneousness  of  the  story 
of  suicide  which,  liad  it  been  true,  would  have  afforded  a  unique 
example  of  voluntary  death  in  animals.  Ou  carrying  out  the  claï^^<ic 
experiment  he  observed  that  within  this  ring  of  fire  the  scorpion 
is  subjected  to  a  very  high  temperature.  When  the  temperature 
reaches  40°  C.  the  8cori)ion  begins  to  grow  weak  and  as  the  tempera- 
ture approaches  50°  C.  it  passes  into  a  comatose  condition.  IVrnreovc^^ 
Bounie  showed  that  the  scorpion's  poison,  which  is  fatal  for  largVH 
spidei'S,  insects,  and  vertebrates,  was  innocuous  for  individuals  of  the 
species  fumishing^  it.  ^M 

I   can    confirm   all    the    stiitemeuts    of   this    English    observe^™ 
When  I  was  studying  the  embrjology  of  the  scorpion  I  repeatedly 
tried    the  experiment  but    the    animal    never  committed  suicide. 
Further,  I  repeatedly  assured  nnnclf  of  the  iiniocuousncss  of  th^^ 
scorpion's  puisou  when  injected  into  individuals  of  the  same  specie^^f 
and  I  was  able  to  demonstrate  most  coudusively  that  the  blood  of  the 
scorpion  is  endowed  with  undoubted  antitoxic  power.    The  addition 
of  O"!  cc.  of  this  blood  to  a  dose  of  poison  which  kills  mice  in  half- 
an-hotir  is  sufficient  to  enable  a  mouse  injected  with  the  mixture 
resist  it  completely.    This  antitoxic  power  is  the  same  in  the  Scorpit 
afer  and  in  the  Algerian  Audroctonns.    An  emulsion  of  the  liver  of 
the   scorpion,  however,  is   absolutely  incapable  of  preventing  fatid 
intoxication  of  mice. 

This  «136  of  antitoxic  action  is  the  only  one  I  have  been  able  to 
demonstrate  in  au  iuvertebnite.  ISiust  we  regard  it  as  a  case  of 
natural  hmate  antivenomous  power  or  as  something  aciiuirctl  during 
the  life  of  the  animal  ?  It  is  not  easy  to  settle  this  qiicstion  by 
experiment  We  can  certainly  procure  new-bjrn  scor[»ions  and  rear 
them  for  some  time,  but  the  quantity  of  blood  that  can  be  got  from 
tliem  is  iusuihcient  for  injection  for  protective  purposes.  Scorpions 
do  not  love  one  another  and  wlicu  kept  together  we  often  find  them 
engaged  in  fierce  and  morUd  combat,  the  stronger  killing  the  weaker 
and  sucking  their  blood.  It  is  therefore  possible  that,  in  some  sUige 
of  their  life,  the  scorpions  find  means  of  vacciiiutiug  thernselvea 
against  their  own  poison  cither  througli  the  intestine  or  as  the  result 
[34.*>]  of  punctures  caused  by  the  point  of  the  tail.  It  would  be  very 
interesting  to  study  this  question  untîcr  favounil>le  conditions,  becaus 
it  is  callable  of  throwing  light  on  the  problem  of  tlie  origin  of  anti^ 
toxins,  from  a  general  point  of  view.  Whichever  view  l>e  taken,  the 
acquisition  of  any  antitoxic  property  by  the  blood  in  the  Invertebnit 


must  take  place  slowly  and  with  great  difficulty  fis  is  sliown  by  our 
want  of  success  with  tetanus  toxin. 

Insects  are,  as  a  rule,  very  tolerant  of  this  latter  poison.  As, 
however,  the  tet-tnus  toxin  (we  shall  illustrate  this  later)  only  acts 
well  and  in  small  doses  at  a  high  temperature  (alx>ut  30"  C.)  and  as 
most  insects  do  not  readily  adapt  themselves  to  this  temperature, 
it  was  necessary  Uj  choose  species  capable  of  living  at  these  high 
temperatures  and  for  this  line  of  study  the  larva  of  Oryctes  is  most 
Buited.  It  flourishes  well  at  a  temperature  of  30° — 36'  C,  and  under 
these  conditions  exhibits  a  much  grejiter  rcsistiince  to  infection  by 
I.*nna  than  at  lower  temperatures.  It  can  be  kept  in  the  incubator 
for  months  if  placed  in  glass  jars  filled  witti  earth  mixed  with  tanner's 
bark.  The  injection  nf  enormous  quantities  of  very  active  tetanus 
toxin  <lirectly  into  the  blood  has  not  llie  slightest  ettect  on  these 
larvae.  Whilst,  however,  the  blood  fluid  of  tlie  Arachuida  rapidly 
gets  rid  of  the  poison,  that  of  Oryrte»  retains  it  for  a  very  longijcriod. 
If  a  small  quantity  of  blood  be  taken  from  larvae  several  months 
after  injection  and  then  injected  into  mice,  these  animals  contract 
typical  tetaiuis  and  quickly  succumb. 

The  toxin,  however,  finally  disappears  from  the  blood  though  a 
certain  portion  of  it  may  still  be  found  in  the  pericardial  cells  and 
wpccially  in  the  fat-bodies. 

Never,  under  any  circumstances,  was  I  able  to  observe  that  the 
blood  of  the  larvae  of  Oryctcs  exerted  any  antitoxic  action.  At  the 
stiige  when  this  fluid  no  longer  gives  tetanus  to  mice,  it  is  absolutely 
incapable  of  preventing  intoxication  when  mixed,  before  injection, 
with  tetanus  toxin. 

Amongst  adult  insects*  the  cricket  is  best  adapted  for  researches 
on  tetauus.  The  field  cricket  will  bear  a  tempeiature  even  higher 
than  30'  C.  It  is  completely  resistant  to  injections  of  tetanus  toxin, 
but  it  showed  no  more  capacity  than  did  the  larvae  of  Oryctcs  or  the 
Arachnida  of  producing  any  tetanus  antitoxin. 

All  the  Invertebrata  that  I  have  been  able  to  study  have  exhibited 
a  remarkable  resistance  against  the  known  bacterial  toxins,  but  the  [346] 
mechanism  of  this  natural  immunity  could  not  be  exactly  made  out 
owing  to  the  difficulty  met  with  in  investigating  the  toxins  in  the 
orgaus  and  following  their  modifications.  The  idea  of  making  use  of 
these  lower  animals  for  the  purpose  of  solving  the  problem  of  the 
origin  of  antitoxins  is  not  realisable,  from  the  fact  that  the  Inverte- 
brata that  have  been  studied  have  never,  in  my  experience,  proiluced 
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any  of  these  Bubstances  as  the  result  of  injections,  whether  shigle  or 
repeated,  of  toxins. 

The  natural  immunity  of  the  Invertebrata  against  bacterial  toxins 
cannot  therefore  be  regarded  as  an  example  of  humoral  immunity. 
It  must  be  placed  in  the  category  of  histugenic  immunity,  altiiough 
we  are  not  in  a  position  to  define  accm-ntely  the  part  jjlayed  by  the 
cellular  elements  in  the  defence  of  the  nnimal  against  the><e  i>oi8ons. 
We  must,  therefore,  go  higher  up  in  the  animal  scale  if  we  are  to 
solve  the  principal  questions  in  regard  to  antitoxic  immunity.         ^| 

The  lowest  Vertebrata,  the  fishes,  are  not  well-suited  for  this  kind 
of  researcli.  The  best  known  bacterial  toxins  act  specially  on  warm- 
blooded animais  and  require  the  co-operation  of  high  temperatur 
Fishes  do  not  live  well  in  c<»i>tivity  except  at  relatively  low  temperarl 
tures  and  soon  die  if  ]»laced  in  an  incubator  kept  at  30°  C.  or* 
higher.  It  is  necessary,  therefore,  to  have  recourse  to  the  Amphibia, 
which  are  much  more  easily  acclimatised  to  tlicse  temperatures.  The 
Axolotl,  coming  from  Mexico,  is  naturally  capable  of  withstanding  grcat^ 
heat.  These  animals  will  live  for  long  at  a  temperature  of  30° — 37*  Ci^^ 
They  possess  the  drawback,  however,  of  being  very  susceptible  to  the 
tetanus  toxin,  very  small  doses  of  it  being  fatal.  The  green  frog 
(Ratia  esculenta)  is  tlie  most  suitjible  for  our  purpose.  It  readily 
adapts  itself  to  optimum  temperatures  (30° — 36°  C.)  and  exhibits  at 
least  a  certain  degree  (tf  immunity  ag-ainst  vai'ious  bacterial  toxins. 
We  have  stated  in  a  preceding  chapter  that  the  green  frog  is  un- 
affecte<l  by  considerable  quantities  of  diphtheria  toxin.  It  is 
resistant  also  to  tetjinus  toxin,  but  this  natural  inununity  api)ear8  to 
be  comaected  with  special  couditious.  Courraout  and  Doyou'  were 
L3*7]  the  first  to  draw  attention  to  the  fact  that  beyond  2if — 25°  C.  green 
frogs  may  contract  tetanus.  Refractory  in  winter  they  Iwcome  sus- 
cej^tible  in  suuuner.  Tliese  observers  afterwards  found  that  of  frogs 
inoculated  with  the  same  dose  of  toxin  and  divided  into  two  sets,  on^l 
set  keiit  at  a  temperature  of  about  lO^C.  remained  quite  well  whilst 
the  other  set  subjected  to  one  of  30°— 39°  C.  contracted  tetanus  after 
five  days'  incubixtion.  This  experiment  has  been  confirmed  by  several 
observers,  and  iniUcatea  that  the  tetanus  poison  demands,  for  the 
manifestation  of  its  toxic  action,  afavour.ible  and  fairly  high  teuipera- 
tnre.  This  result  must  however,  be  accepted  with  some  reserve. 
Undoubtedly  the  doses  of  tetanus  toxin  which  intluce  fatal  tetanus  in 

'  Comjil.  rend.  Hoc.  de  bioL,  Paris,  i 893,  pp.  -iU,  tilB  ;  189S.  p.  344.    "  Le  tétanoB," , 
Pari»,  1899,  p.  25. 
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kept  at  a  high  temperature  are  innocuous  when  these  animals 
are  living  at  low  temperatures.  But  we  can,  by  increasing  the  dose, 
produce  tetanus  in  frogs  even  when  the  tenii)erature  is  not  very  high. 
Tluis  Marie  ^  was  ahle,  during  the  whole  uf  the  winter,  to  tetauise 
both  green  and  brown  iVoga  living  in  water  the  temperature  of  which 
oscillated  between  13°  and  18' C.  The  incubation  period  in  this  ease 
is  very  much  longer  (sometimes  extending  to  26  days)  than  in  frogs 
kept  at  higher  temperatures. 

Temperature,  therefore,  is  an  important  factor  in  the  iioi.sotûng  by 
the  tetîinua  toxin  and  in  the  resistance  of  the  frog,  but,  iu  the  long 
run,  this  poison  can  exert  its  specific  actiou  even  at  relatively  low 
tempemtures. 

Morgenroth-  endeavoured  to  analyse  the  mechanism  of  this  re- 
ristancc  and  of  the  susceptibility  of  the  green  frog  when  maintiiined 
at  various  temperatures.  lie  demonstrated  that  the  tetanus  toxin  is 
fixed  in  the  central  nervous  system,  even  at  low  temperatures,  near 
8"  C.  ;  under  these  conditions,  however,  it  is  incapable  of  ciiusing  the 
slightest  tetanic  symptom.  When  placed  in  au  inculmtur  kept  at 
32'  C  the  frogs  contract  tetanus  after  a  period  of  incubation  of  some 
(2  to  3)  days.  During  the  first  24  hours  of  this  perio<l  the  frogs 
manifest  no  sign  of  tetjmua,  and  if  they  are  again  put  in  a  cool 
place  they  continue  in  good  health.  If,  however,  after  a  not  too  pro- 
longed stiiy  in  the  cold,  these  animals  are  s(d)jected  a  second  time  to  [348] 
the  higljer  tenii>cr.iture,  they  become  tetanic,  after  a  shortened 
incubation  period.  C!old,  therefore,  may  arrest  tetanus  even  at  a  stage 
when  the  toxin  has  already  pro<luced  certain  latent  but  permanent 
mollifications  of  the  nervous  system. 

Frogs  injected  with  tetanus  toxin  and  kept  in  a  cold  place  finally 
get  rid  of  the  poison.  ANTien  transferred  to  a  warm  chamber  after 
a  certain  lapse  of  time  they  no  longer  contract  teUuius.  We  have 
fonnd  that  the  greater  part  of  the  tetanus  toxin  continues  for  some 
time  in  the  blood  of  frogs  injected  aud  kept  at  a  low  temperature.  A 
small  quantity  of  this  blood  withdrawn  almost  two  months  after  the 
In»t  injection  produced  fatjil  tetanus  in  a  mouse.  We  do  not  know 
how  frogs  eliminate  the  toxin,  Init  it  has  l)een  demonsti'ated  that  in 
this  case  it  causes  no  production  of  antitoxin.  Morgenroth  has  con- 
firmed this  result. 

Reptiles  must  be  regarded  as  vertebrates   exhibiting   a  most 

1  Ann.  de  Clnat.  Pasteur,  Paria,  1897,  t  XI,  p.  597. 

•  Are/L  internat,  de  Pluirmacodi/n.,  Garni  et  Paris,  1900,  VoL  vn,  p.  265. 
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pronounced  natural  immunity  against  tetanus.  They  show  an  un- 
limited resistance  to  enormous  doses  of  tetanus  poison,  and  this  at 
low,  medium,  or  lii^Hi  teniperaturea  (30° — 37"  C).  Green  lizartls  with- 
stand considerable  doses  of  tetanus  toxin.  Although  they  do  not 
contract  tetiums,  they  get  rid  of  the  poisoQ  exceedingly  slowly.  Tlias, 
a  lizard  kept  at  a  temperature  of  20°  C,  and  injected  with  an  amount 
of  toxin  sufficient  to  kill  5nO  mice,  at  the  end  of  two  months  still 
retiùns  in  its  blood  such  an  amount  of  tiie  poison  that  one-tenth  of  a 
C.C.  will  CAuse  fatal  tetanus  in  a  mouse.  Turtles  present  an  analogous 
case.  The  marsh  turtle,  Emys  orbicularis,  tolerates  very  large 
amounts  of  tetanus  toxin,  injected  subcut;ineously,  and  this  at  both 
low  and  high  temperatures,  at  30°  C.  and  beyond  {36" — 37"  C).  The 
toxin  passes  quickly  into  the  blood  and  remains  localised  there  for  a 
very  long  time.  In  a  turtle  kejtt  in  an  aquarium  at  the  laboratory 
the  blood  was  tetanigenic  for  the  mouse  even  four  months  after  an 
intra-peritoneal  injection  of  the  toxin.  In  anotlier  turtle  which  lived 
at  incubator  temi>eniture  (36° — 37"  C),  the  blood  was  still  toxic  two 
months  after  a  subcutaneous  injection  of  tetanus  toxin  in  quantity 
fatal  for  500  mice.  In  turtles  kept  at  36"  C.  I  observed  abundai^^f 
transudations  into  the  peritoneal  cavity,  and  the  fluid,  very  poor  i^" 
(349]  fonned  elements,  was  found  to  be  very  tetUMigenic.  It  must  be 
accepted,  therefore,  that  the  toxin  is  retained  in  the  blood  plaism^f 
with  which  it  passes  into  the  transudation.  Every  kind  of  cell  nius^^ 
exhibit  a  very  marked  negative  chcmiotaxis  agiiinst  tetanus  toxin  for 
this  poison  to  be  retained  so  long  in  the  body  fluids.  Under  tiiea^f 
conditions  it  is  not  surinising  that  in  turtles  I  was  never  able  to 
observe  the  slightest  antitoxic  power  in  the  blood.  Their  great 
uatund  iminunity  nuist  be  due  to  some  other  factor.  ^^ 

The  alli}w.tor  {AlUfiator  mississtppiensis)  has  also  been  found  to 
be  quite  refractory  t<j  tctsinus  both  at  low  and  at  high  temiiei*atures. 
Outwardly  alligators  behave  exactly  as  do  turtles,  that  is  to  say,  a: 
the  injection  of  various  and  sometimes  very  large  doses  of  toxin  tho; 
exhibit  no  morbid  symptom  either  general  or  tet'Uiic.     But  the  pa: 
ticular  changes  which  occur  in  their  organism  differ  essentially  from 
those  met  with  in  the  turtle.    The  toxin  is  rapidly  eliminated  from 
the  blootl  of  the  alligator,  even  when  it  is  kept  at  a  relatively  low 
temperature  (20°  C).    Under  these  conditions  of  teuiijerature,  bow- 
ever,  the  blood  does  not  become  antitoxic  although  it  has  lost  its 
tetanigenic  property.     When,  however,  the  alligatoi-s  ai'e  kept  at 
higher  temperature  (32° — 37°  C),  antitoxic  power  is  developed 
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their  blood,  often  with  very  great  nipitlity.  Quite  young  alligators 
(weighiug  about  500  graiumcâ)  arc  capable  of  producing  antitoxin, 
though  somewhat  slowly.  A  month  after  the  first  injection  of  the 
tetanus  toxin  their  bloo<l  is  incapable  of  causing  tetanus  in  mice,  but 
M  not  yet  antitoxic.  A  month  later,  however,  it  never  fails  to  prevent 
an  attiàck  of  tetanus  when  mixed  with  fatal  doâC8  of  the  toxin  and 
injected  into  mice. 

Older  alligatoi-s  develop  antitoxic  power  much  more  rapidly,  and 
on  several  occasions  we  have  found,  to  our  gi*eat  aijtonislmient.  that, 
as  early  an  24  houra  after  injection  of  the  toxin,  their  blôod  was 
distinctly  autitetanie.  The  blood  of  the  same  alligators,  tested  before 
the  injection  of  the  toxin,  like  the  blood  of  normal  alligators 
generally,  exiiibited  no  antitoxic  property. 

In  several  experiments  we  took  the  rectal  temperature  of  our 
animals  and  were  never  able  to  observe  the  slightest  rise  correspond- 
ing to  the  temi>era.ture  of  the  water  in  which  the  alligators  lived. 

It  cannot  be  doubted  tlicn,  that,  in  spite  of  the  facility  with  which  [aso] 
these  reptiles  produce  tetanus  antitoxin,  their  immunity  does  not 
depend  on  this  antitoxic  property.  Tims,  yoinig  alligators  which 
bave  resisted  a  single  dose  of  toxin  sufficient  to  kill  60U0  mice  must 
owe  their  immunity  to  some  other  cause  than  the  antitoxic  power  of 
tlie  body  fluids,  for  their  blood  does  not  begin  to  exhibit  this 
property  until  two  months  after  injection. 

These  sjime  reptiles  are  also  very  refractory  against  cholera  toxin, 
even  in  large  doses  ;  they  react  to  the  ii^ectiou  by  the  development 
of  the  corresponding  antitoxin.  On  the  other  hand  they  are  very 
susceptible  to  diphtheria  toxin,  small  quantities  of  which  are  quite 
Bofficient  to  bring  about  a  fatal  intoxication. 

Snakes,  like  other  reptiles,  are  refractory  against  tetanus  toxin. 
In  the  study  of  their  natural  immunity,  however,  we  are  coufronte«l 
by  the  difficulty  that  their  blood  ia  naturally  toxic  for  laboratory 
animals.  This  toxin,  analogous  to  the  ichthyotoxin  of  eel's  serum,  has 
been  compared  with  snake  venom  against  which  the  snakes  them- 
Belves  enjoy  a  very  marked  immunity. 

Not  venomous  snakes  only  exhibit  immunity  against  their  own 
poison.  Long  ago  Fontana^  observed  that  non-venomous  snakes 
resist  the  bite  of  the  viper  and  even  subcutaneous  inoculation  of 
its  venom.     Phisalix   and  Bertrand^  confirmed  these  observations 

'  "Traité  sur  lo  venin  do  la  vipère,"  Florence,  1781. 

*  ArcA.  iUphytioL  norm,  et  path.,  Paris,  Année  xsrt,  1694,  p.  423. 
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and  vere  able  to  show  that  a  non- venomous  snake  {Tropidon 
tits)  will  withstand  a  dose  of  venom  capable  uf  killing  from  15 
20  guinea-pigs.  Seekuig  for  the  cause  of  this  natural  immunit; 
these  observers  came  to  the  conclusion  that  it  is  due  to  the 
presence  in  the  blood  of  toxic  substances  analogous  to  those  of  the 
venom  of  the  viper.  These  same  substances  are  found  also  in  the 
labial  glands  of  the  upjjer  jaw  of  the  Tropidonotus  and  can  from 
thence,  according  to  the  view  of  Phisalîx  and  Bertrand,  pass  into  the 
blood  as  an  internal  secretion.  Calniette'  has  shown  that  the  blood 
of  snakes,  injected  in  a  non-toxic  dose,  vaccinates  certain  mammals 
against  Kuake  venom,  and  Phtsalix  and  Bertrand  have  even  obtained 
an  antitoxic  ettect  by  injecting  u  mixture  of  snake's  blood,  heatetl  to 
68°  C,  witli  lethal  doses  of  venom.  There  is,  then,  in  this  exam|ile 
[351]  something  analogous  to  wliat  we  have  described  in  scoqjions,  with 
this  ditfercnce,  however,  that  the  blood  uf  these  AiTichnids  is  already 
antitoxic,  to  a  certain  degiee,  whilst  that  of  snakes  only  becomea 
80  after  it  has  l>een  modified  by  heat. 

The  classic  example  of  immunity  against  a  bacterial  toxii 
amongst  Birds  is  that  of  the  fowl,  which  is  highly  refractory  agai 
the  tetanus  toxin.  In  the  very  earliest  researches  on  this  poiso 
injections  were  made  into  vertebrates  of  very  different  kinds,  and  a 
very  striking  feature  was  the  facility  with  which  fowls  resist  very 
large  ([uantitics  of  tetanus  toxin.  However,  as  is  almost  always  the 
case,  this  inmiunity  has  been  found  not  to  be  absolute.  By  means  of 
enormous  doses,  injected  subcutaneously  or  into  the  muscular  tissui 
tetanus  of  the  niost  typical  kind,  en<Iii>g  in  deatli,  has  been  induced  in 
fowls,  and  in  fowls  weakened  by  cold,  tetanic  intoxication,  even  with 
smaller  doses,  has  been  set  up.  By  injecting  the  toxin  directly  into 
the  bniin,  according  to  Boux  and  Borrel's  method,  the  fowl  may  be 
still  nujre  ea.sily  tetanised.  Thus,  von  Behring-  observed  that  by 
injecting  one  milligramme  of  the  toxin  into  the  bmiu  of  a  fowl, 
weighing  one  kilo,  tetanus  may  infallibly  be  produced. 

After  the  brilliant  and  fruitful  discovery  of  the  antitoxic  property 
of  the  blood,  made  by  von  Behring  in  collaboration  with  Kitasato, 
we  were  justified  in  concluding  that  immunity  against  toxins  and, 
amongst  others,  natural  inunutiity,  might  depend  ou  the  power  of  thi 
body  fluids  to  neutralise  the  toxins.    This  hypothesis  has  been  form 
lated  at  various  times,  but  it  was  for  the  first  time  subjected 

'  "  Le  venin  des  serpente,"  Paris,  1896,  p.  40. 

•  "  Allgemeine  Thérapie  dcr  Inreetionskraiikhciten,"  Berlin  u.  Wien,  1S99,  S.  9! 


experimental  control  by  Vaillard',  and  specially  in  connection  with 
tetanus  in  the  fowl.  The  blood  or  blood  serum  of  these  birds,  when 
mixed  in  varying  doses,  small,  medium,  and  large,  with  tetanus  toxin, 
was  never  found  to  be  cajnvble  of  preventing  susceptible  animals 
i.raice,  guinea-pigs,  rabbits)  from  contracting  tetanus  :  these  animals 
so  treated  behaved  just  as  did  the  controls  inoculated  with  toxin 
only. 

The  gi-eat  resistance  of  the  fowl  against  tetanus, — one  of  the  most 
typical  examples  of  natural  imnmnity  against  a  microbial  poison, — 
cannot,  therefore,  be  explained  by  the  presence  in  the  body  fluids  of 
an  antitoxin  capable  of  neutralising  and  rendering  innocuous  the  [352] 
tetanus  toxin.  On  the  other  hiuul,  we  are  not  justified  in  attributing 
it  simply  to  the  absence  of  corresponding  receptoi-s  in  the  sensitive 
nerve  cells.  Since  the  fowl  readily  contracts  tetanus  when  the  toxin 
is  injected  directly  into  the  brain  or  when  the  fowl  is  weakened  by 
cold,  it  is  evident  that  the  sensitive  elements  never  fail  to  absorb  and 
fix  any  poison  that  is  presented  to  them.  In  ordinary  cases,  however, 
when  the  fowl  exhibits  its  remarkable  resisting  power  against  the 
toxin  injected  in  very  large  quantity,  subcutaneously,  into  the  muscles 
or  into  the  peritoneal  ca^  ity,  the  poison  does  not  reach  the  sensitive 
cellâ,  being  arrested  and  rendered  iuuocaoos  whilst  circulating  in  the 
tissues  of  the  organism. 

Von  Behring-  is  of  opinion  that  in  examples  of  natural  immunity, 
such  as  tiie  one  just  examined,  the  prineiptd  cause  of  the  refrac- 
tory condition  depends  upon  the  impermeabihty  to  the  toxin  of  the 
tapillaiT  wall  of  the  vessels.  It  is,  however,  difficult  to  maintain  this 
thesis  in  regard  to  tetanus  in  the  fowl,  when  it  is  remen>bered  how 
rea<lily  tetanus  toxin  passes  through  filters  and  membranes,  and 
especially  in  view  of  the  fact  that  weakening  of  the  fovl  by  means  of 
cold  renders  it  susceptible  to  doses  of  toxin  which  are  tolerated 
without  inconvenience  by  normal  fowls. 

We  are,  therefore,  compelled  to  place  the  natural  immunity  of  the 
fowl  against  tetanus  toxin  in  the  c^itegory  of  cell  immunities.  This 
toxin,  as  we  have  said,  must  be  arrested  en  route  before  it  reaches  the 
cells  of  tlie  nerve  centres.  But  where  and  how  does  this  l)eneficcnt 
arrest  take  phice?     Ten  yeai-s  ago  Yaillard  demonsti'atcd  that  the 

*  Compt.  revd.  Soe,  de  bioL,  Paris,  1891,  p.  462;  Ann.  de  I'lml.  Patteur,  Par», 
1992,  t  VI.  p.  229. 

'  Article  :  In/ectiotutchutg  und  ImtnunitSt  in  Eulonburg's  "  Real-enqrclopadie 
d.  gca.  Heilkunde"  (Encjclop.  Jahrbûcher),  Wien,  1900,  Bd.  k,  S.  203. 
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blood  of  fowls  that  have  received  an  injection  of  tetanus  toxin  caus< 
typiail  tetanus  in  susceptible  animals.    This  tetauigeuic  projierty  of 
the  blood  persists  for  a  cerb:iiti  number  of  days.    When  it  is  measured 
by  the  quantitative  method,  it  is  found  that  all  or  almost  all  tli^^ 
tetanus  toxiu  iujected  into  the  peritoneal  cavity  of  the  fowl  i>asse^| 
into  the  blood  and  remains  there  intact  for  a  variable  number  of  days. 
From  a  moiiihological  point  of  view  the  blood,  iniinediately  after  the 
injection  of  the  toxin,  exhibits  a  hyi)erleucocytosi8  of  greater  or  les^ 
duration. 

When  the  fowls  are  killed  at  the  stage  when  their  blood  becomi 
tctanigenic  (a-s  the  ix'sult  of  the  injection  of  the  toxin  into  tiie  per 
53]  toneal  cavityj,  it  can  be  demonstrated  tiiat  their  viscera  are  n< 
capable  of  producing  tetanus  iu  susceptible  animals  except  in  so  fa^ 
as  they  contain  blootl.  It  is  only  the  vascular  oi'gans,  rich  in  blood, 
such  as  the  spleen,  liver,  kidneys,  thyroid  gland  and  bone-marrow, 
that  impart  tetanus  and  thou  only  in  so  far  as  they  have  not  Ijeen 
fi'eed  from  blood.  Of  the  various  organs  only  the  genital  glands, 
ovaries  or  testes,  absorb  a  certain  amount  of  the  injected  toxin.  Very- 
young  testes  or  the  smallest  ovarian  ova  containing  as  yet  no  trace  O^H 
yellow  yolk,  when  injected  bito  mice,  produce  a  fatal  tetanus.  ^^ 

In  fowls,  insusceptible  to  tetanus  toxin,  this  toxin  is  found, 
then,  in  the  sexual  glands  and  in  the  blood.  When,  in  order 
to  ascert;iiu  the  exact  localisation  of  this  toxin,  M'e  measure  the 
tctanigenic  power  of  the  whole  blood  as  compared  with  that  of  the 
aseptic  exudations  induced  by  the  injection  of  gluteti-casein,  and 
necessarily  much  richer  in  leucocytes,  we  get  the  result  that  the  ea 
udatious  contain  more  tetanus  toxin  than  does  the  blood.  We 
led,  therefore,  to  the  conclusion  that  this  poison  is  absorbed,  at  leasl 
in  part,  by  the  leucocytes,  and  it  is  in  these  elements  and  in  tli^^ 
genital  cells  ttiat  we  must  look  for  the  factor  which  arrest  the  toxi^H 
and  prevent  its  reaching  the  nerve  centres. 

Cellular  or  liistogeuic  immunity  is  often  contrasted  with  chemic^^ 
immunity  without  taking  into  consideration  the  real  analogies  aii^H 
differences  to  be  found  between  them.  It  is  evident  that  in  both 
groups  the  organism  of  the  animal  modifies  the  intro4luccd  toxins  and 
that  this  modification  is  a  chemical  process.  In  cellular  immunity, 
however,  this  act  is  preceded  by  certain  biological  phenomena,  such 
as  the  reaction  of  the  formed  elements  and  the  absorption  of  the 
noxious  substance.  Immunity  in  these  cases  is  more  complex  than  in 
the  example  where  the  toxin  is  neutralised  by  a  direct  action  of  the 
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bofly  fluids,  but  ultimately  it  always  resolves  itself  into  a  chemical  or 
perhaps  jiliysico-chemical  action  of  the  substances  of  the  organism  of 
the  animal  on  the  toxic  substances  of  the  poisons. 

In  Mammals  examples  of  natural  immunity  against  certain 
poisons  are  not  rare.  Almost  a  century  ago  Oken  made  the  obser- 
vation that  a  person  who  tried  to  poison  a  hedgehog  with  opium, 
hydrocyanic  acid,  arsenic  or  mercury  bichloride  usually  failed  in  his 
attempts  because  of  the  great  resisting  power  of  this  animal.  Hurnack 
demonstrated  that  the  hedgehog  will  withstand  a  dose  of  potixssium 
cyanide  six  times  as  great  as  that  ncces.sary  to  kill  a  cat  in  a  few  [3:.4] 
minutes  (O'Ol  grm.).  In  Lewin's'  experiments  the  hedgehog  was 
found  to  resist  the  injection  of  powdered  cantharides  in  a  quantity 
seren  times  as  great  as  that  which  infallibly  kills  a  dog  and  greater 
also  than  the  lethal  dose  for  n>an.  The  same  observer  also  confirms 
the  observation  that  a  mucfi  larger  dose  of  alcohol  must  be  used  in 
order  to  intoxiciite  a  hedgehog  than  is  required  to  obtain  the  same  efiect 
in  the  rabbit  or  even  in  the  dog.  Horvatii-  fed  hedgehogs  for  a  fairly 
long  period  with  living  cantharides.  These  Insectivora  devour  their 
venomous  prey  without  showing  any  sign  of  illness  except  a  certain 
degree  of  emaciation-  When  Lewin  tried  to  ascertain  the  cause  of 
this  natural  immunity  of  the  hedgehog  he  examined  the  blood  of 
this  animal  for  a  substance  antitoxic  to  cantharidine.  His  experi- 
ments were  all  negative  ;  but  it  is  difGcult  to  come  to  any  definite 
ooncla&ion  in  this  matter  from  the  fact  that  the  blood  and  blood 
scrum  of  tlie  normal  hedgehog  are  toxic  for  the  small  laboratory 
animals.  A  similar  objection  hsul  already  been  brought  forward  by 
Phisalix  and  Bertrand  in  connection  with  their  experiments,  analogous 
to  those  of  Lewin,  on  the  immunity  of  the  hetlgehog  against  the 
venom  of  the  viper. 

It  has  long  been  known  that  hedgehogs  have  a  liking  for  certain 
ro]itiles  and  wage  an  implacable  war  on  snakes  in  general  and  on  the 
Viper  in  particular.  In  its  attack  the  hedgehog  tries  to  avoid  being 
bitten,  but  when,  as  often  happens,  it  fails  to  evade  a  bite  the 
inoculation  of  the  vipers  venom  appears  to  be  well  borne.  This 
olnservation  has  been  confirmed  ex|>erimcntally.  Pliisalix  and 
Bertrand'  have  shown  that  the  resistance  of  the  hedgehog  to  the 

•  DmUelut  med.  lf'c/tn*rhr.,  Leipzig,  18!»8,  8.  373. 
«  Vrarh,  St  Petersburg,  1897,  p.  î»64. 

*  CompL  rend.  Soc  de  biol.,  Paris,  1899,  p.  77;  -Bull.  Mutéiim  a.  hiit,  rutt.,  Paris, 
18i»5,  t  t,  p.  294. 
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viper's  venom  is  abotit  forty  times  as  great  as  that  of  the  guinea-pii 
that  is  to  say  the  he<lgehog,  though  far  from  possessing  an  absolut^, 
immunity,  nevertheless  exhibits  a  mucli  greater  resistance  than  di^H 
most  animals.  Le  win '^  convinced  himself  of  this  fact  as  regard^^ 
adult  hedgehogs,  though  young  animals,  according  to  him,  are  mucl^ 
[356]  more  susceptible.  Thus,  he  has  seen  a  young  hedgehog  that  hi 
been  bitten  by  a  viper  die  after  nine  days'  illness.  This  observatjr 
speaks  in  favour  of  the  conclusion  that  the  immunity  of  the  hedge 
hog  might  be  naturally  acquired  rather  than  a  really  natural  ii 
munity.  The  liedgehog,  hunting  all  kinds  of  small  animals,  migh' 
often  be  bitten  by  vipers  and  in  this  way  acquire  its  immnnitj^ 
agîiinst  the  venom.  Under  these  conditions  we  can  readily  conceii 
that  the  blood  of  this  '' insectivoran''  might  be  placed  in  a  positioiT 
to  develop  a  si>ecific  antitoxic  property. 

When  Lewin  tried  to  sjitisfy  himself  of  the  existence  of  thi 
property  by  direct  experiment  he  could  only  show  that  the  bk 
of  the  hetlgohog  was  powerless  to  prevent  the  lethal  effect  of  th« 
viper's  venom  on  small  animals.     But  here,  as  in  his  researches 
cantharidine,  he  did  not  take  into  account  the  inherent  toxicity 
the   blood   of    the   hedgehog.      Fhisalix   and   Bertrand^,    who   ha\ 
also  studied  this  question,  have  obtained  results  at  variance  Mith 
those  of  Lewin.    They  demonstrated  first  of  all  that  the  blood  of 
noiinal  hedgehogs  was  capable  of  intoxic-atiug  and  even  of  killii 
laboratory  animals  such  as  the  guinea-pig.     It  is  quite  natural,  there 
fore,  that  the  mixture  of  this  fluid  with  viper's  venom  coidd  not  be" 
tolerated.     It  was,  however,  sufficient  to  heat  the  blood  of  the  hedgcr^j 
hog  to  58°  C.  for  it  to  become  not  only  innocuous  of  itself,  but  eve^H 
for  it  to  exhibit  an  antitoxic  action  against  snake  venom.     Tlius,^^ 
guinea-pigs  which  had  received  Ji  c.c.  of  heated  hedgehog's  serum 
into  the  peritoneal  cavity,  were  at  once  in  a  condition  to  resist  double 
the  lethal  dose  of  viper's  venom.     Phisalix  and  Bertrand  conclud«^^ 
therefore,  that  "  the  natural  immunity  of  the  hedgehog  against  th^V 
viper's  venom  is  due  to  the  presence  in  its  blood  of  an  immumsing 
substance."     The  «time  observers*  satisfied  themselves  that  horse's 
serum  and  even  that  of  the  guinea-pig  exercise  an  undoubted  aiiti-, 
venomous  action  ;  yet  these  animals  are  anything  but  insusceptible 
snake  venom.   Moreover,  the  necessity  to  heat  the  blood  to  68°  C,  ^ 

»  Dentuche  med.  Wchiiechr.,  Leipzig,  18'Js,  S.  62!). 

*  Cnmpt.  rmd.  .Soc.  dgbiol.,  Paris,  18!»5,  p.  639. 

»  BidL  Muséum  d'ftUl.  nut.,  Paris,  1896,  t  u,  p.  100. 
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preliminary  measure,  deprives  this  conclusion  of  the  degree  of  certainty 
one  would  like  to  have  in  such  a  matter.  On  the  other  hand,  the 
greater  susceptibility  of  young  hedgehogs  prevents  us  from  putting 
the  immunity  of  the  ,adidt  in  the  category  of  natural  immuuity 
properly  so  called. 

Analogous  considerations  apply  in  the  case  of  the  mongoose  [366] 
{Hfrp^Mfs  irhncumon),  carefully  studied  by  Calmetto*,  according 
to  vhose  researches  the  Antilles  mongoose  is  not  very  susceptible 
to  anake  venom  ;  it  readily  withstands  doses  very  large  relatively 
to  it6  size,  but  its  immunity  is  not  absolute.  It  owes  much  of  its 
mastery  in  its  fights  with  venomous  snakes  to  its  extraordinary 
agility.  The  blood  of  the  mongoose,  mixed  with  venom,  exhibits  an 
uiidoid^ted  antitoxic  power,  though  this  is  not  sufficient  to  prevent 
the  death  of  susceptible  animals.  We  have  no  data  to  enable  us  to 
explain  the  origin  of  this  antitoxic  property,  but  it  is  probable  that 
here  again  we  have  an  example  of  relative  immunity,  acquired  during 
life.  Calmette  points  out,  however,  that  his  ichneumons  came  from 
Guadeloupe,  where  no  venomous  snakes  are  found-  We  may,  of 
coarse,  supjwse  that  the  feebly  antitoxic  power  of  the  blood  of  these 
mammals  might  be  due  to  other  snakes  or  to  species  of  animals 
whose  blood  possesses  a  certain  venomous  property-. 

We  have  far  more  exact  data  on  the  natural  immunity  of  certain 
mamiiinls  agsiinst  toxins  of  microbial  origin.  The  example  most 
thoroughly  studied,  one  which  has  become,  one  might  say,  classic,  is 
tlrat  of  the  rat  against  «liphtheria  toxin.  Since  the  discovery  of  this 
toxin,  the  first  well-studied  bacterial  poison,  a  discovery  made  by 
Ronx  in  collalxjration  with  Yersin,  it  has  been  recognised  that  mice 
and  rats  tolerate  large  quantities  of  diphtheria  cultures  or  of  their 
filtered  products.  A  rat  resists  a  dose  of  the  diphtheria  poison 
ir:i|>ablc  of  killing  several  rabbits.  To  explain  this  great  natural 
immunity  it  was  suggested  that  the  antitoxic  property  of  the 
IkmIv  fluids  could  be  called  in.  It  was  supjwsed  that  the  rat's  bloud 
was,  by  its  very  natui-e,  endowed  with  the  power  of  neutralising  the 

•  '*  Le  renin  des  serpents,"  Pari»,  1896,  p.  43. 

'  The  temporary  immunity  of  the  marmot  ^amongst  mamraaU)  against  (elaiiua 
toxin  mast  be  considered  separatclv.  According  to  Billinger  and  Dooitz  the  marmot 
!•  insiuceptihio  to  this  poison  daring  its  winter  sleep.  But  once  it  is  awakened  it 
rendilj  contracts  tetanas.  H.  Meyer.  Ilalsey  and  Ransom  have  observed  the  «une 
(act  in  hlberimtiug  butti  that  have  been  naked  up.  In  thcee  cases  the  immunity  is 
dependent  on  the  low  temperature  which  approximates  these  examples  to  that  of  the 
natural  intmuuity  of  the  frog  against  the  same  toxin. 
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toxin  of  diphtheria.  But,  as  in  the  tetanus  of  fowls,  it  was  not  long 
[367]  before  foct«  rendered  this  hypothesis  unteuiible.  Kuprianow^  studied 
this  question  under  the  direction  of  Loefflcr  and  gave  an  accoutit 
of  the  results  of  his  experiments,  which  proved  that  the  blood  of  the 
sewer  rat,  which  is  very  refractory  against  diphtheria,  contains  no 
substance  that  will  neutralise  the  morbific  action  of  diphtheria  toxin 
on  susceptible  animals,  especially  the  gHinea-])ig. 

It  was  necessary  to  seek  some  other  explanation,  and  the  idea 
that  the  immunity  of  the  rat  depends  on  the  insusceptibility  of  its 
living  cells  to  the  diphtheria  poison  was  seized  upon.  Tlie  experi- 
ments carried  out  by  Roux  and  Borrel"  demonstrated  tlie  incorrect- 
ness of  this  hypothesis.  The  innnunity  of  rata  to  subcutaneous  or 
întra-peritoiieal  injection  of  diphtheria  toxin  is  very  marked-  But 
a  very  small  dose  (U'l  c.c.)  of  this  poison,  introduced  directly  into 
the  cei-ebral  substance  of  the  rat,  produces  a  complete  paralysis,  whicli 
lasts  for  several  days,  and  ends  in  the  death  of  the  animal.  Roux 
and  Borrel  conclude  from  this  "  that  the  brain  of  the  rat  is  specially 
sensitire  to  the  action  of  the  diphtheria  poison,  and  that  as  this 
animal  does  not  die  as  the  result  of  the  iî)jection  of  large  qvuintities 
of  toxin  into  the  subcutaneous  tissue,  it  is  because  the  toxin  does 
not  reach  the  brain,"  These  authors  have  i)ointed  out  analogous 
fsicts  in  connection  with  other  examples  of  natural  immunity.  The 
rabbit,  which  withstands  a  hypodermic  injection  of  30  centigrammes 
of  chlorhydrate  of  morphia,  is  killed  by  1  milligramme  only  of  this 
salt,  introduced  directly  into  the  brain.  Hei'e,  again,  neither  the 
cellular  insusceptibility  nor  the  antitoxic  property  of  the  blood  (no 
"  antialkaloidal  ''  power  could  ever  bo  demonstrated)  can  explain  the 
immunity,  which  appears  to  be  due  rather  to  the  factor  which  arrests 
the  poison  on  its  way  to  the  nen?e  centrcn. 

In  spite  of  the  insufficiency  of  our  knowledge  as  regards  natural 
immunity  against  soluble  poisons  we  are  quite  justified  in  affirming 
tiiat  this  category  of  phenomena  comes  mainly  into  the  domain  of 
the  cells.  The  body  fluids  of  animals  which  exhibit  this  immunity 
have  licen  found  to  be  antitoxic  in  a  few  species  only  (scorpion, 
snake,  hedgehog,  mongoose).  And  for  ttie  majority  of  these  it  is 
possible  to  invoke  special  causes,  such  as  the  internal  secretion  of 
snake  and  scorpion  venoms  by  the  glands  which  manufacture  them, 
or  the  acquisition  of  an  antitoxic  power  during  life  resulting  from 

1  CentraM/.  Bakteriol  u.  Parantenk,  Jena,  1894,  Bd.  XVI,  S.  419. 
*  Ann.  de  PIntt.  Pasteur,  Paria,  180S,  t  xn,  p.  225. 
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wounda  or  from  the  absorption  of  Tenomous  food.  The  theory  of  [358] 
the  insusceptibility  of  the  cells  of  animals  naturally  refractory  to 
toxins  must  also  be  rejected  ;  it  is  incompatible  with  well-established  , 
facts.  Nothing  remains,  then,  but  to  assume  that  the  formed 
elements  are  the  principal  factors  in  this  natural  immunity,  and  that 
they  interpose  to  prevent  the  passage  of  the  poisons  towards  the 
▼ery  susceptible  nerve  cells. 


[359]  CHAPTER  XII 

ARTIFICIAL  IMMUNITY  AGAINST  TOXINS 

Adaptation  to  poisons. — Artiiiciol  imninnity  against  bacterial  and  vegetable  toxins 
and  against  snake  venom. — Principal  methods  uf  immunisation. — Immiinintation 
by  toxins  and  tosoids.— Inoculation  against  diphtheria  toxin. — Phenomena 
priKluced  in  the  courso  of  vaccination  against  toxins. — Rise  of  temperature. — 
Leucocytosis. — Development  of  antitoxic  power. — Properties  of  antitoxins. — 
Mode  of  action  of  antitoxins. — Action  of  antit<jxins  in  tilro. — Their  action  in 
the  organism. — Influence  of  living  elements  on  the  combination  of  anti^Jxin 
with  toxin. — Antitoxic  action  of  non-specific  serums,  of  normal  serunas  and  «if 
broth. —  I  (ntnuiiity  against  toxins  is  not  in  direct  ratio  to  the  amount  of  anti- 
toxins in  the  body  fluids. — Hypersensitiveuess  of  an  animal  treated  with  toxin. — 
Diminution  of  the  susceptibility  of  tiie  organism  immunised  against  toxins. 

Hypotheses  as  to  the  natm-o  and  origin  of  uuti  toxins. — Uypotlicsis  of  the  tniusform.a- 
tiuu  of  toxins  into  antitoxins. — Hypothesis  of  receptors  dctaclied  from  cells  ns 
the  source  of  antito.xins. — Uypothesio  of  the  nervous  origin  of  tetanus  antitoxin. 
— Fixation  of  tctjtnuB  toxin  by  the  substance  of  tho  nerve  centres. — The  relations 
between  saponin  and  cholcsterin.— Anti-arsenic  serum. — Part  played  by  phago- 
cytes in  the  struggle  of  the  animal  against  poisons. — Probable  part  played  by 
phagocytes  in  the  pruductiou  of  antitoxins. 

Although  scientific  men  succeeded  only  a  little  more  than  ten 
yeai-s  ago  in  vaccinating  against  poisons  by  artificial  mctlKMl.s,  Barage 
races  and  ancient  i^'oples  at  a  very  remote  period  undoubtedly  jk»- 
sessed  metliods  of  counteracting  the  effects  of  certain  venomoua 
substances.  Tlie  frequent  observation  of  cases  in  which  doses  of 
poisons,  in-sulFicient  to  cause  death,  brought  about  a  more  or  less 
diuuble  resistant  condition,  must  result  in  the  elaboration  of  artificial 
means  of  preventing  the  intoxications. 

Von  Behring'  ]>oints  out  that  analogous  facts  must  have  been 
known  to  the  physicians  of  ancient  times  ;  and  it  is  in  such  know- 
ledge that  we  must  look  for  the  source  of  the  dogma  put  forward 
by  Hippocrates,  that  the  factor  which  produces  a  disease  is  also 
capable  of  curing  it 

»  "  AUgemeine  Thérapie  dor  InfectlonskrankheitoD,"  Berlin  u.  Wien,  1899, 8.  982. 


To  Pliny  we  are  indebted  for  the  now  well-known  story,  that 
Mithridates  of  Poutus  possessed  the  means   of  protecthig  himself 
against  rarious  poisons  by  a  process  of  adaptation,  and,  amongst  [360] 
others,  by  the  use  of  the  blood  of  Pontine  ducks  to  which  he  bad 
given  poisons  by  the  mouth. 

The  adaptation  of  horses  and  of  the  bighlanders  of  Styria  to  arsenic, 
as  well  as  that  of  the  many  morphinomaniacs  to  morphia,  is  knoMm 
to  everybod}'.  A  man,  habituated  to  moqdiia,  is  able  to  consume 
daily  a  dose  several  times  tlie  faUd  one  ;  indeed,  cases  have  lx?eu 
known  of  people  acquiring  the  power  of  consuming  two,  and  even 
three,  grammes  of  morphia  per  diem.  Man  may  acquire  an  adapta- 
tion to  toxic  substjinccs  of  the  most  diverse  chai'acter,  such  as 
arsenic,  alcohol,  mor])hia,  nicotine,  etc. 

Even  when  we  had  obtained  much  information  concerning  acjpurcd 
immunity  against  micro-organisms  we  still  knew  nothing  of  the 
mechanism  of  such  adaptation,  or  as  to  the  possibility  of  acquiring  a 
Bf)ecial  immunity  against  bacterial  jjoisone.  Charrin  and  Gamaleia's 
discovery  that  animals  vaccinated  against  a  micro-organism  are  just 
as  Busceptible  to  its  toxic  products  as  normal  animals,  led  Bouchard', 
in  whose  laboratory  it  was  made,  to  say  that  the  idc^  of  the  adapta- 
tion of  cells  to  bacterial  poisons  must  be  divjpped.  He  developed 
this  thesis  at  the  International  Congress  at  Berlin  in  1890,  and 
formulated  it  as  follows  :  "  ^^^len  we  inject  a  liealtliy  animal  and 
a  vaccinated  one  with  the  soluble  products  of  the  micro-organism 
which  has  been  used  for  the  vaccination,  the  dose  ref[uired  to  kill 
each  animal  is  exactly  the  same.  Let  us  not  speak,  then,  of  the 
training  of  the  leucocytes,  and  of  the  adaptation  of  the  nerve  cells 
to  bacterial  poisons  :  it  is  pure  rhetoric."  At  this  time  we  had  only 
just  commenced  to  acfpdrc  exact  knowledge  concerning  the  to.\in8 
of  micro-organisms.  For  a  considerable  period  thej'  were  sought 
for  amongst  the  ptomains,  very  stable  substances  allied  to  the 
alkaloids  ;  here,  hoM'ever,  we  were  working  in  a  wrong  direction.  It  was 
not  until  the  classic  researches  of  Roux  and  Yersin-  on  diphtheria 
toxin,  pubUsbed  in  1888  and  1889,  that  the  true  nature  of  bacterial 
poisons  was  revealed.  It  was  found  that  we  were  not  dealing  with 
ptomains,  but  with  soluble  ferments,  substîtnccs  of  indeterminate 
chemical   composition,  allied  to  the  albuminoids,  and,  like  them, 

>  "Euai  d'ano  tbéorie  do  I'infectiou,"  Berlia,  1890;  "Les  microbes  pathogènes," 
Parii,  1892,  p.  33. 

«  Ann.  de  iJnH.  Ptuttur,  Pari»,  18S8,  t.  u,  p.  629;  189»,  t  in,  p.  S73. 
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[Ml]  unstable.  The  raetboda  adopted  bj  Boax  and  Tcnin  in  thcsr  stady 
or  diphtheria  tojdn  enabled  olher  iiiTestigaton  to  dbooter  the  analo- 
gous toxiiu  of  several  other  bacteria.  Kuud  Faber^  and  Biiej^en  and 
FrttnkeP  soon  succeeded  in  separating  the  toxin  from  the  tftomw 
hadlliu,  a  toxin  capable  of  producing  in  animals  tetanic  ooatiactioaa 
as  typical  as  tho^e  obtained  «  ith  cultures  of  the  tétanos  tiacilla». 

Theite  in  relitigations  inaugurated  a  new  era  in  micnMolagy  and 
enabled  ujs  to  attack  the  problem  of  acquired  inumnufy  »^miaÊ± 
bacterial  toxios  Hcientifically.  Within  a  few  mouths  of  the  deriarmtion 
made  by  Bouchard  at  the  Berlin  Congress,  there  appeared,  almoei 
Hiuiultaueously,  the  earliest  publications  on  the  possibtlitr  of  Taoânat- 
iiig  L'llxjratory  animals  against  the  toxins  of  diphtheria  and  tetam» 
by  artificial  method».  Immediately  after  the  discovery  ot  these 
poitsons,  the  attempt  was  made  to  immunise  various  species  of  animals 
against  them,  but  here  very  great  difficulties  were  met  with;  the 
animals,  after  receiving  increasing  doses  of  toxin,  became  thin 
and  ultimately  died.  It  occurred  to  Frânkel*  that  the  toxic 
action  of  the  diphtheria  poison  might  be  weakened  by  subjecting 
it  to  a  temperature  of  60^  C.  Independently,  von  Behring  and 
Kitasato*  used  chemical  substances,  especially  iodine  trichloride,  to 
attenuate  the  action  of  the  tetanus  and  diphtheria  toxins.  Tlie 
animals  which  resisted  these  modified  polâons  were  found  to  be 
capable  of  tolerating  gradually  increasing  doses  of  unaltered  and 
very  active  toxins.  By  the  use  of  these  methods  it  was  found 
possible  to  obtain  a  definite  and  lasting  immunity  against  these 
microbial  products. 

The  discovery  of  the  possibility  of  vaccinating  against  bacterial 
toxins  was  soon  followed  by  the  demonstration  of  the  antitoxic  power 
of  the  bloo<l  of  animals  that  had  acquired  such  artificial  immunity 
against  these  iioisons.  Everj'oiie  knows  of  and  appreciates  von  Behring 
and  KituHato's  great  discovery.  It  opened  up  a  new  and  fruitful  field 
of  research  frum  must  divei-sc  points  of  view.    Ehrlich*  M-as  able  to 

[302]  apply  it  to  tlie  vaccination  of  animals  against  the  vegetable  poisons 
ricin,  abrin  and  robin,  and  thus  to  establish  rigorous  methods  of  im- 
munisation and  to  obtuin  very  important  results  conceruing  immunity 
against  toxins  in  gcncmU    He  also  succeeded  in  demonstrating  that 

'  Bnl.  kliii.  Wchnnchr.,  1890,  S.  717. 

»  Bcrl.  klin.  Wchmchr.,  1890,  No.  11, 

«  Bert.  kiln.  VVchiucfir.,  1890.  No.  49. 

«  JJeiU»c/ie  med.   IVchiuchr.,  Leipzig,  1890,  SS.  1145,  1246w 

*  DeuUcUe  med.  Wchnschr.,  Leipzig,  1891,  SS.  976, 1218. 


imals  vaccinated  against  these  vegetable  poisons,  which,  by  their 
nature,  approximate  to  tl»e  microbial  toxins,  develop  in  their  blood 
»  most  marked  antitoxic  i)roperty. 

Some  years  later,  the  discovery  of  antitoxins  was  extended  to 
snake  venoms,  poisons  of  animal  origin  which,  like  the  vegetable 
|)oisons  studied  by  Ehrlicii,  present  a  chemical  composition  analogous 
to  that  of  the  microbial  toxins.  Phisalix  and  Bertrand  ^  and  Calmette^ 
working  independently,  discovered  methods  of  vaccination  against 
><nake  venom  and  were  able  to  demonstrate  the  existence  of  an 
antitoxic  power  of  the  blood  in  immunised  animals. 

Tlie  works  above  briefly  referred  to  gave  us  the  fundamental  basis 
of  our  present  knowledge  on  acquired  immunity  against  toxins. 

It  would  be  very  interesting  to  be  able  to  determine  whether  the 
lower  animals  can  be  vaccinated  ag;iinst  the  toxic  substances  to  M-hich 
they  are  susceptible.  Unfortunately  in  the  stiuly  of  this  problem 
we  encounter  very  great  difficulties.  Making  use  of  various  methods 
I  have  often  tried  to  solve  it.  The  crayfish  is  susceptible  to  snake 
venom  and  to  the  ichthyotoxin  of  eel's  serum,  and  I  have  tried  at 
various  times  to  vaccinate  it  against  these  poisons.  The  results, 
however,  were  so  incoii.stant  and  even  contradictory  that  I  was 
unable  to  draw  any  definite  conclusion  from  them. 

It  18,  indeed,  very  difficult  to  vaccinate  the  lower  vertebrata  against 
poisons.  Several  attempts  have  been  ma<le  in  my  laboratory  to 
immunise  frogs  against  tetanus  toxin,  but  without  success.  Calmette 
and  Deléarde^  obtained  the  best  residts  with  abrin.  They  succeeded 
in  vaccinating  frogs — which  are  not  very  susceptible  to  this  vegetable 
loxit»,  tiiough  they  are  fur  from  presenting  a  real  natural  inmiunity — 
against  doses  which  are  absolutely  fatal  for  the  control  animals.  These 
obscrvei'^,  however,  had  to  proceed  very  cautiously,  and  they  allowed 
a  very  long  interval  between  each  injection  of  abrin.  The  blood  of 
their  vaccinated  frogs  not  only  did  not  prove  to  be  antitoxic  against  [363] 
abrin,  when  injected  into  mice,  Imt  for  long  retained  sufficient  of  this 
toxin  to  poison  normal  mice.  This  experiment  certainly  tells  agiiinst 
the  hypothesis  that  the  acquired  immunity  of  frogs  is  due  to  the 
development  of  a  specific  antitoxic  power  in  their  body  fluids,  but  it 
does  not  settle  the  question  definitely  since  it  may  be  objected  that 

•  Compt  rmd.  Soc.  de  hlol^  Paris,  1604,  p.  111. 

*  Cotnpt.  rend.  Soc.  de  biol.,  Paris,  1894,  pp.  120,  204.  [Cf.  also  Fraser,  Brit.  Med. 
Journ.,  LoDdon,  1895,  Vol.  i,  p.  1309  and  n,  p.  416;  Nature,  London,  1896,  Vol.  UU, 
p.  071,) 

1  Ann.  de  I'lnH.  Piuteur,  Paris,  ISSii,  t.  x,  p^  083. 
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the  blood,  whilst  toxic  for  mice,  might,  still,  be  antitoxic  for  tlie  frog 
Tlie  antitoxin  of  this  blood  might  uieicly  be  incapable  of  ueutraliaiiij 
all  the  abrin  present.     Fresh  investigations,  then,  are  necessary. 

Even  in  the  higher  vertebrata,  it  is  often  very  diiliciilt  to  obtain 
a  real  vaccination  against  the  various  toxins.  In  the  small  mammal^M^ 
whicli  exhibit  a  great  susceptibility  to  these  poisons,  it  is  B])cciall5^| 
diiScult  to  obtiiin  an  artificial  immunity.  As  Vaillard  and  von  Behring 
have  demonstrated,  it  is  possible  to  vaccinate  such  animals  by  means 
of  gradually  increasing  doses  of  unmodified  toxins,  but  this  method 
demands  much  time,  is  often  dangerous,  and  hence  is  not  ver^^ 
practical.  Poisons  that  act  through  the  alimentary  canal  are  the 
most  serviceable  for  vaccination,  as  has  been  demonstrated  by 
Ehrlich.  This  investigator  had  to  abandon  the  vaccination  of  mice 
by  means  of  subcutaneous  injections  of  ricin  on  account  of  the  slough 
ing  set  up  at  the  poijit  of  inoculation.  He  then  had  recourse 
yaccination  by  way  of  the  mouth,  which  gave  very  good  results,  nc 
only  with  ricin  but  also  witli  abviii.  This  mode  of  vaccination,  ho\ 
ever,  is  applicable  to  a  small  number  of  poisons  only. 

We  can  also  vaccinate  mammals,  even  laboratory  rodents,  such 
rabbits  and  guinea-pigs,  by  means  of  unmodified  snake  venom,  bii 
this  method  is  a  very  delicate  one  and  must  be  carefully  watched 
It  is  necessary  to  begin  with  very  small  doses  of  venom,  continue 
them  for  some  time,  and  increase  the  amount  of  venom  injected  very 
slowly.    Calraette^  modified  this  method  by  inserting,  below  the  ski» 
and  leaving  it  there,  a  piece  of  chalk  impregnated  with  small  quantities 
of  venom  and  surrounded  by  collodion  through  which  the  venom 
diffuses  very  slowly  and  continuously. 
[564]       Large  mammals,  sheep,  oxen  and  horses,  can  be  more  easily 
vaccinate<l  by  means  of  unmodified  toxins,  but  they  also  require 
to  be  treated  with  veiy  special  precaution.    Salomonsen  and  Madsen^, 
bare  given  the  history  of  their  horse,  immunised  with  diphtheri^H 
toxin.    Into  a  mare  weighing  6G5  kilos  they  wei-e   able  to   injec^^ 
at  the  commencement  only  1  cc.  of  this  toxin,  and  the  dose  had  to 
be  increased  very  carefiilly.  ^H 

In  the  presence  of  all  these  difficulties  in  the  use  of  unmodifie^^ 
toxins  for  vaccination,  a  different  method  is  now  generally  adopted 
in  the  immunisation  of  animals,  small  or  large,  for  the  purpose  o^H 
scientific  research  or  for  the  preparation  of  toxins  on  a  commercia^^ 

>  "Lo  venin  des  serpents,"  Paris,  189fi,  p.  54. 

»  Ann.  de  VInit.  Pasteur,  Paris,  1897,  t  xi,  p.  316. 
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wale  Vaccination  is  commenced  with  toxins  moilifled  by  lieat  or  by 
dieiuical  sub^^tances.  The  diphtheria  and  tetanus  toxins,  those  most 
employed  in  the  serotlierapeutic  industry,  are  subjected  to  various 
degrees  of  heat  FninkeP  was  the  first  to  make  use  of  this  method 
for  vaccination  apiinst  diplitheria,  and  Yaillard'  for  vaccination 
agninst  tetanus.  It  consists  in  introducing  large  doses  of  filtered 
cultures,  heate<l  to  progressively  lower  degrees  of  tempeniturc,  60*, 
5'»°,  50°  C,  and  then  giving  gradually  increasing  quantities  of  filtered 
cultures  whose  toxicity  is  xnialtered.  This  method  is  very  convenient 
for  small  animals,  but  for  large  mammals  it  is  greatly  simplified  by  in- 
jecting for  a  ccrtiiin  period  toxins  heated  to  00"  C,  and,  later,  replacing 
these  by  unmodifie<i  toxin. 

I'hisalix  and  Bertrand*  applied  an  analogous  mcthotl  to  the 
vaccination  of  the  guinea-pig  against  the  venom  of  the  viper.  This 
{wison,  which  resists  much  higher  temperatures  than  do  the  tetanus 
and  diphtheria  toxins,  received  a  preliminary  heating  to  80*0.  in 
order  that  it  might  be  inoculated  without  danger  into  small  animals. 
Under  these  conditions  it  confers  a  certain  immunity,  but  even  when 
heated  to  00°  C.  it,  in  many  cases,  still  remains  sufficiently  active  to 
pro<luce  fatal  results.  For  this  reason,  in  the  vaccination  of  animals 
for  the  prepiiratiou  of  antivenomous  scrum  on  a  large  sc^le,  Calmette 
bad  recourse  to  another  method,  that  of  attenuating  the  venom  by  [30S] 
means  of  chemical  substances. 

Von  Behring  and  Kitasato*  were  the  first  to  make  tise  of  iodine 
trichloride  in  the  vaccination  of  animals  against  the  toxins  of  tetanus 
and  diphtheria.  In  tlieir  early  experiments  this  substance  was  injected 
before  the  toxins  were  introduced.  Later,  the  mixture  was  made 
in  vitro  and  then  injected  into  the  animals.  Roox  devised  another 
method  which  had  the  advantage  of  being  simple,  certain,  and  easily 
employed,  for  which  reason  it  was  soon  introduced  into  commercial 
ami  scientific  practice.  It  consists  in  the  injection  of  mixtures  of  the 
tetanus  or  diphtheria  toxins  with  Lugol's  io<lo-io<luretted  solution. 
The  iodine,  in  small  doses,  instantly  neutralises  or  modifies  these 
poisons  and  is  itself  borne  well,  even  by  small  animals.  By  employing 
progressively  increasing  doses  of  these  mixtures,  iu  which  the  amount 

»  Berl.  klin.  Wchntchr.,  1S90,  No.  49. 

'  Ann.  d«  CIuH.  PiUteur,  Paris,  1892,  t  vi.  p.  225. 

*  Compt,  rerid,  dead,  <L  »c,  Pvu,  1891,  t.  cviii,  p.  28S  ;  Compt.  rtnd,  Soe.  de 
hiol.  Paru.  I8ii4,  p.  111. 

*  DtuUche  nu,l.  tVchntchr.,  Leipzig,  1890,  SS.  1145, 1245. 
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of  iodised  solution  becomes  smaller  and  smaller  compared  with  that 
of  the  toxin,  we  are  able,  without  difficulty,  to  vaccinate  the  most 
susceptible  animals  and  enable  them  to  withstand  considerable  doees 
of  the  pare  toxin.  By  this  method  it  is  possible  to  immunise  guincft» 
jiigs  against  the  most  active  tetanus  tojtin.  The  method  serves  equally 
well  for  the  preparation  of  horses  for  injections  of  unmodified  toxins. 
For  a  longer  or  shorter  time  (according  to  the  susceptibility  of  the 
horse)  toxins  which  are  mixed  with  Lxigol's  icnlised  water  are 
injected.  Having  made  sure  of  the  resistance  of  the  horse,  larger 
and  larger  quantities  of  pure,  unnioilified  to.\iu  may  be  introduced 
witli  impuijity. 

For  the  inununisation  of  mammals  of  all  sizes  Cguinea-pigs,  rabbits, 
dog?,  hoi-scs)  against  auake  venom,  C'almettc,  in  his  work  at  Lille,  also 
makes  use  of  venom  modified  by  chemical  substances,  but  his  method 
ditfers  from  those  we  have  just  described.  During  several  weeks  he 
injects  increasing  quantities  of  venom,  mixed  with  decreasing  quautitieâ 
of  a  solution  ofl  :  60  of  hypochlorite  of  lime.  After  this  treatment  the 
animals  become  capable  of  tolerating  fat,T.l  doses  of  unmodified  venom 
and  can  be  injected  with  larger  and  larger  doses. 

In  recent  years  a  method  of  vaccinating  horses  against  certain 
microbiid  toxins,  and  especially  against  the  diphtheria  toxin,  by  means 
of  mixtures  of  toxin  and  antitoxic  scrum,  or  with  these  two  product:* 
Buccessively,  has  been  introduced.  Babes  ^  was  the  first  to  extol 
[366]  this  method  as  the  best  for  obtaining  a  liigh  and  durable  immuni- 
sation. Afterwards,  several  other  observers,  amongst  whom  I  may 
cite  Pawlowsky  and  Maksutow-,  Palmirsky,  and  especially  Nikanorofl^-\ 
took  up  this  question,  and  communicated  very  encouraging  residts. 
Von  Behring*  also  found  it  very  useful  in  certain  cases.  Thus,  for 
the  vaccination  of  guinea-pigs  against  tetîuius  toxin,  he  recommends 
the  injection  of  a  mixture  containing  antitoxin  and  an  uimeutralised 
excess  of  toxin.  Under  these  conditions  he  easily  succeeds  in  im- 
munising these  small  animals  in  cases  where  all  other  uiethoilâ  £ûl. 
As  a  genei-al  method  of  vaccination  against  toxins,  however,  this 
method  has  not  fulfilled  its  promise,  and  Roux,  who  tried  it  several 
times,  was  not  at  all  satisfied  witli  it. 


*  Bull  Acad,  de  mid.,  Paris,  1805,  t.  ixxiv,  p.  216. 
«  Zuehr./.  Hug.,  Leipzig,  I8i)(5,  Bd.  xxi,  S.  485. 

•  "On  tJie  preparation  of  a  pot«nt  antidipbthcria  serum,"  St'Pétersbourg,  ISUT 
<in  Riuuiiiti)  [cf.  Berl.  kliu.  Wchmchr.,  1897.  S.  720]. 

♦  "  Allgeiuuiuc  Therupif  der  Infectioiiskrunkbeiten,"  Berlin  u.  Wien,  18U9,  S.  1«9."< 
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This  method  of  immunisation  by  mixtures  of  toxin  and  antitoxin 

is  often  spoken  of  as  the  method  of  vaccination  by  toxones.    This 

name,  ''toxone,"  was  first  applied  by  Ehrlich^  to  a  product  developed 

by  Uie  diphtheria  bacillus   in   culture   media,  a  proiluct  less  and 

differently  toxic  than  is  the  true  diphtheria  toxin,  yet  capable  of 

neutralising  antitoxin.     The  idea  of  toxones  presented  itself  to 

Khrlich  in  connection  with  a  fundameut.T.1  fact  noted  by  him,  namely, 

^at  when  to  a  non-toxic  mixture  of  diphtheria  toxin  and  antitoxin 

'fthere  is  added  one  and  even  several  lethal  doses  of  the  former,  the 

nimal  is  not  affected.     To  make  it  succumb  to  intoxication  it  is 

roetimes  necessary  to  add  more  than  20  lethal  doses  of  toxin.    To 

«xplain   this   paradoxical  result,  Ehrlich  formulated  the  hji)otheai8 

that,  in  the  soluble  products  of  the  diiththeria  bacillus  there  exist 

two  poisons  :  (1)  the  true  toxin  which  exiiibits  a  very  strong  affinity 

for  antitoxin,  and  (2)  the  toxone  which  possesses  less  avidity  for  this 

antibo<ly.    When  to  an  inactive  mixture  of  the  products  of  diphtheria 

Iwicilli  and  of  antitoxin,  there  is  added  a  fresh  quantity  of  these  same 

products,  the  added  toxin,  owing  to  its  greater  aflBuity,  replaces  the 

toxone  of  the  previous  combination.     In  the  mixture  to  which  is 

addetl  one  or  sevend  lethal  doses  of  diphtheria  poison,  the  toxone  [367] 

only  is  found  free,  all  the  toxin  being  combined  with  the  antitoxin, 

and,  as  the  toxone  is  only  feebly  toxic,  the  animal  resists  without 

Buffering  any  serious  illness. 

Madsen*  adopted  the  theory  of  the  diphtheria  toxone,  and  affirmed 
tliat  this  substiince  poisons  but  slowly,  produces  neither  early  nervous 
eymptoms  nor  loss  of  hair,  but  excites  slight  oedema  at  the  point  of 
inocidation  and  late  paralyses.  Susceptible  animals  may  die  from 
toxones,  but  very  much  later  than  as  the  result  of  poisoning  by  the 
toxins. 

Khrlich'a  pupils  have  extended  the  theory  of  toxones  to  other 
liacterial  poisons.  Thus  Madsen"  has  described  a  similar  toxone  in 
tetanus  iwison — the  tetanolysin  of  Ehrlich — which  dissolves  the  red 
blood  corpuscles,  and  Neisser  and  Wechsberg*  refer  to  a  toxone  in 
the  p«ji.snn  produced  by  the  staphylococcus. 

Ehrlich  also  descrilHJs  toxoids  as  occurring  in  diphtheria  poison. 
The  toxone,  be  maintains,  is  a  product  of  the  diphtheria  bacillus 

>  DeuUche  mcd.  Wchnichr.,  Ijcipiig,  1898,  S.  697. 

'  Zttchr.f.  Htjij.,  U'ipzi^;,  1697.  Bd.  xxiv,  S.  425. 

»  Ann.  de  Flint.  PiuUuf,  Taris,  1839,  t  xin,  pp.  668,  801. 

«  Zitchr.f,  Uyg.,  Leipjig,  190],  Bd.  xxxvi,  S.  325, 
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itself,  but  tlie  toxoids  (protoxoids  and  sjiitoxoids)  represent  the 
toxin  modified  without  further  aid  from  the  bacillus.  The  toxoidi», 
though  not  toxic,  retain  all  their  avidity  for  antitoxin.  According  to 
Ehrlich's  conception,  the  molecule  of  toxin,  under  the  influence  o 
various  factors,  readily  loses  its  toxic  or  toxophore  group,  capable  o! 
poisoning  the  animal,  whilst  still  retiiining  its  haptophnrc  group,  the 
group  that  combines  with  the  antitoxin.  The  toxoids  then  wouhl 
represent  this  haptophore  group  of  the  diphtheria  toxin.  Without 
being  injurious  to  animals,  the  toxoids  are  capable  of  neutralising 
the  antitoxin  and  of  setting  up  in  the  animal  the  formation  of  this 
antibody.  In  the  experiments  can-ied  out  by  the  method  of  Baljcs 
and  of  the  Russian  authors  M'e  have  just  mentioned,  there  would  l)e, 
according  to  the  view  held  by  Elirlich  and  his  school,  an  immuni- 
sation by  the  toxoids. 

The  toxones,  however,  are  also  capable  of  vaccinating  against  the 
toxin  and  the  toxone  and  of  giving  rise  to  the  production  of  a 
diphtheria  antitoxin,  active  against  these  two  poisons.  This  is  what 
f36S]  is  affirmed  by  Madseu*  and  by  Dreyer-,  according  to  a  communication 
made  by  the  latter  to  the  International  Congi-ess  of  Medicine  held 
at  Paris. 

By  means  of  the  various  methods  briefly  described  above,  is 
obtained  a  real  acquired  immunity  ag-ainst  the  various  bacterial 
and  vegetable  poisons  and  the  venoms.  On  the  other  hand,  with 
the  methods  of  vaccination  mentioned  in  the  eighth  chapter,  which 
confer  a  substantial  immunity  against  micro-organisms,  we  cannot 
demonstrate,  in  the  vaccinated  animals,  a  resistance  against  the 
corresponding  toxins  greater  than  in  the  unvaccinatcd  control 
animals.  The  animals,  so  thoroughly  vaccinated  against  certain 
micro-organisms  that  they  withstood  enormous  doses  of  culture^ 
did  not  become  capable  of  resisting  the  minimal  lethal  dose  of 
the  poison.  We  are  led  to  conclude,  therefore,  that  immunity  can 
only  be  obtained  against  certain  of  the  toxins.  For  this  reason  we 
must  regard  the  attempt  made  by  von  Behring  to  obtain  a  real 
immunisation  against  the  toxin  of  cholera  as  an  important  forward 
step.  Before  von  Behring's  attempt,  various  species  of  animals  had 
been  frequently  and  very  substantially  vaccinated  against  the  cholera 


*  Ccmpt.  rend,  dn  Congrèg  internat,  de  mid.  d«  Paris  (SectioQ  de  bactériologio 
et  purasitologie),  1901,  p.  40. 

'■'  C(nnpl.  rend,  tlu  Coinjrct  internat,  de  mêd.  da  Paris  (Section  do  Imctériologie 
et  {Kvrasitolut'ie;,  1901,  i>.  45  ;  Ztschr.  /.  Hyg.,  Leipzig,  1901,  Bd.  xxxvu,  8.  20a 
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^brio,  but  these  animals,  even  wlieii  most  thoroughly  vaccinated,  were 
completely  non-resistant  to  the  cliolera  toxin.  Von  Behring  suggested 
his  pupil  Ransom^  the  idea  of  ininiuuising  guinea-pigs,  not  with 
licrobial  cultures  living  or  dead,  as  had  usually  been  done  previously, 
ut  exclusively  with  the  fluids  of  the  cultures,  deprived  of  the 
vibrios  by  filtration.  In  order,  however,  to  attain  the  desired  object, 
it  was  necessary  to  prepare  fluids  sufficiently  active  to  poison  the 
unvaccinated  control  guinea-])igs  with  certainty.  The  results  of  these 
investigations  confirmed  his  anticipation,  and  llansom  soon  found 
}iini)*elf  in  possession  of  guinea-pigs  well  vaccinated  against  the 
cholera  poison.  He  was  mi:*tfiken,  however,  in  supposing  that,  in  all 
cases  of  immunity  acquired  against  Koch's  vibrio,  we  have  to  do,  in 
the  main,  with  a  purely  antitoxic  immunity-  An  investigation  carried 
out  in  the  Pasteur  Institute-,  whilst  confirming  the  facts  discovered 
by  Ransom,  lead  to  différent  results  as  regards  their  interpretation. 
It  was  demonstrated  that  the  immunity  ag-ainst  the  vibrio  is  in  no  [3 
«ay  f(>un«led  on  a  resistance  against  its  toxin  and  that  we  have  to 
do  with  two  very  diflcrent  acquiretl  imniunities.  The  vaccination 
obtained  with  the  bodies  of  the  micro-org-anisms  induced  a  refractory 
condition  agsiinst  infection  by  the  living  vibrio,  but  not  the  slightest 
resistance  against  the  toxin.  Tlie  inmuaiiity,  on  the  other  hand, 
which  is  conferred  by  the  injection  of  soluble  products,  deprived  of 
the  micro-organisms,  is  eflective  not  only  against  the  toxin  of  cliolen», 
but  also  against  infection  by  the  vibrio.  When  an  animal  is  vac- 
cinated with  cultures,  or  even  with  the  Ixvdies  only  of  the  vibrios, 
cholera  toxin  is  introduced,  but  the  toxin,  under  these  conditions,  is 
incai>able  of  sotting  up  antitoxic  immunity.  It  would  appear  that 
the  presence  of  the  vibrios  may  constitute  some  olwtacle  to  the  pro- 
duction of  this  immunity. 

Soon  afterwards,  Wassermann*  pointetl  out  that  the  same  nde 
applies  in  the  case  of  the  BanflM  pt/onjaneus.  With  whole  cultures 
of  this  bacillus  he  obtained  in  guinca-piga  an  immunity  exclusively 
inst  infection,  whilst  with  cultures  in  a  fluid  medium,  deprived  of  the 
bacilli,  be  was  able  to  vaccinate  his  animals  both  against  the  pyocy- 
anic  toxin  and  against  the  infective  ])eritonitis  pro(luce<l  by  tlic  living 
micro-organism.    The  same  double  immmiity  could  also  be  obtained 
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in  laboratory  animals  against  the  typhoid  bacillus  and  ecveral  other 
bacteria. 

ANlien  animals  were  subjected  to  different  metliods  of  vaccination 
against  toxins,  the  manifestation  of  certain  phenomena  more  or  less 
constant  Mas  observed  ;  amongst  tlies^e  must  be  pointed  out  especially 
the  rise  of  temperature,  a  local  reaction  and  certain  modifications  in 
the  body  fluids. 

Fever  is  a  very  general  symptom  in  the  course  of  the  vaccination 
of  inatumals.  A  rise  of  temperature  is  almost  always  observed  as  a 
result  of  the  injection  of  toxins.  It  is  very  variable,  both  as  regards 
duration  and  intensity,  and  caimot  serve  as  an  indicator  of  the  result 
of  the  vaccination.  In  this  respect,  siich  great  difl'crences  have  been 
observed  that  the  attempt  to  establish  any  general  laws  has  had  to  be 
abaiulouetL 

Local  reaction  is  also  a  pheiutmeuun  wliich  is  very  frequently 
observed  during  vaccination  ;  to  this  von  Beliriiig^  paid  great  atten- 
tion. He  and  his  collaborators  found  that  normal  horses  when 
(370]  injected  subcutaneously  with  small  or  large  <lo8es  of  tetanus  toxin 
did  not  pi'eaent  any  exudation  at  the  seat  of  inoculation.  The  horses 
which  died  as  the  result  of  a  tetanus  intoxication  and  those  which 
got  better  behaved  from  this  poiut  of  view  iu  much  the  same  fashion. 
In  horses,  however,  which  are  being  vaccinated  and  which  are 
periodically  subjected  to  gniduully  increasing  doses  of  toxin,  tume- 
faction at  the  seat  of  injection  is  never  absent.  Von  Behring 
attributes  this  difference  to  the  primordial  insusceptibility  of  the 
living  elements  which  govern  exudation  in  the  subcutaneous  tissue 
to  tetanus  poison.  It  is  only  during  the  process  of  vaccination  that 
these  cells  become  susceptible  and  capable  of  manifesting  a  visible 
reaction.  I  consider  tliat  this  différence  is  due  more  probably  to  a 
change  in  the  chemiotaxis  of  the  various  elements  which  contribute 
to  the  inflammatory  exudation  reaction,  from  a  negative  to  positive 
type.  The  ceils  do  not  react  at  the  commencement,  not  because  they 
are  not  susceptible  to  the  toxin,  but  rather  because  their  suscepti- 
bility is  too  great.  During  the  course  of  vaccination  they  become 
sufliciently  adapted  to  the  poison  to  be  aide  to  manifest  their  normal 
inflammatory  reaction.  This  explanation  certainly  harmonises  witli 
the  fact  that  during  the  period  of  vaccinations  in  general  and  of 
vaccination  against  toxins  iu  particular,  the  blood  usually  presents  a 
moi-e  or  less  distinct  hyperleucocytosis.  Now,  as  is  well  known,  this 
'  "  AUgemciDe  Tbcrupie  der  iBfeclioiiskrankhoiteo,"  Bertiu  u.  Wien,  1S99,  S.  1US2. 
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plienomeiion    of   hyperleucocytosis   is    otie  of    the  most  etrikiiig 
Kiftiiifestiitions  of  a   positive  chemiotuxis  iu  white  corpuscles.     It  ia 
true  that,  as  to  this  reaction  duriitg  the  coui"be  of  vaccination,  the 
views  of  observers  are  not  nnautmous,    Besredka^,  as  the  outcome  of 
his  work  on  this  subject,  exprcsHes  himself  veiy  distinctly.     "  During 
the  course  of  au  inununisatiou  against  diphtiicria  toxin,  "  he  writes, 
''one  always  observes  a  marked  reactiou  iu  the  goat,  either  at  the 
beginning  or  at  an  advanced  stage  of  the  period  of  iiyectioiis  and 
especially  in  the  first  few  hours  after  injection  "  (p.  3-22).    Nicolas  and 
Counnont'  in   their  first  memoir  maintain  that   hyijcrlcucocylosis 
"is    not   necessai-y    for   immunisation."     Nevertheless,   iu   the  de- 
Hcriptiou   of  their  experiments^   which   were  performed   on   horses 
vaccinated  against  diphtheria,  it  is  clear  that  the  number  of  white 
corpuscles  ia  often  markedly  increased.      Further,  in  several  cases 
they  describe  the  formation  of  tumours  at  the  point  of  inoculation,  [371] 
flome  of  which  end  in  suppuration.    Under  these  condition»,  it  is  not 
possible  to  deny  a  vaccinal  reactiou  on  the  part  of  the  leucocytes. 
Later,  Nicolas,  Counnont  and  Prat^  publinhed  a  second  memoir  on 
the  same  subject,  in  which  they  seek  to  coiilirni  their  view  of  the 
uselcssness  of  hypcrleucocytosis  in  vaccination  ag^iinst  the  poison  of 
diphtheria.    They  give  details  of  experiments  on  several  sjjccies  of 
animals  and  insist  specially  on  the  conditions  in  which  they  have  not 
observed  hyperleucocytobis.    *'  The  doses  from  the  first  have  always 
been  extremely  weak  and  with  the  addition  of  Lugol's  solution  to 
attenuate  them  ;  only  very  gradually  have  we  reached  stronger  doses, 
K|  that  i$  one  of  the  indhpeimthh  conditions  for  the  avoidance  of 
^i»cocijtic  vuriatioiis,  whilst  obtaining  a  good  and  rapid  immunisa- 
tion"   (p.    974),    These    special    precautious    to   avoid   hypcrleuco- 
cytosis demonstrate  clearly  that  this  phenomenon  is  usually  pro- 
duced   during    the    course    of    vaccination.      It   is    quite    natui-al 
that  we  should,  by  proceeding  very  slowly  arMl  with  small  do^es 
We  toxin,  succeed  iu   diniirtishing   or  even   suppressiug  the  atHux 
^m  leucocytes  ;   but  this  fact  cannot  iu  any  way  minimise  tlje  im- 
portance of  the  leucocytic  reaction  in  vucciiialion.    In  these  particular 
casoe,  this  reaction  may  take  place  without  the  number  of  leucocytes 
the  blood  being  noticeably  increased.     Iu  reading  the  details  of 
experiments  made  by  the  Lyons  observers,  it  will  be  seen  that, 

>  Ann.  dé  FlniL  PoêUur,  Pari»,  1898.  t  m,  p.  318. 

"  Arch,  de  méd.  expir.  el  dFanat.  path..  Paria,  1897,  t  ix,  p.  770. 


■  Jown.  de  phj/tioi  el  de  path,  gen.,  Paris,  1900,  t.  ii,  p.  87a 
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in  spite  of  all  tlictr  precautions,  they  were  unable  to  prevent  the 
production  of  Iiyperleucocytosia.     In  all  their  cases,  where  they  t 
the  precaution  to  count  t!ie  leucocytes  several  times  a  day,  there  wi 
an  undoulited  increase  of  tlieae  cells.     We  may  here  recall  Salo- 
monsen  and  Madrieti's  account  of  the  immunisation  of  a  horse  ag:tinst 
diphtheria  toxin,  in  which  they  point  out  the  frequency  of  tume- 
factions and  even  of  abscesses.     In  most  cases  the  pus  was  sterile, 
which  renders  it  probable  that  the  white  corpuscles  had  accumulated 
at  the  seat  of  inoculation  as  the  result  of  some  influence  exerted  b; 
the  (Uphtheria  toxin. 

By  far  the  most  important  and  remarkable  change  met  with  in 
animals  vaccinated  against  toxins  and  venoms,  consists  in  the  appear- 
ance of  antitoxic  ])ower  in  their  blood  and  fluids  in  general.    Tliis 
[372]  fact  was,  as  already  mentionctl,  first  demonstrated  by  von  Behring 
and   Kitasato'  in  the  blood  of  rabbits  imuiuiiiscd  agaiusit  teUinu;^. 
The  blood  itself,  or  the  blood  serum,  mixed  with  a  quantity  of  tetauua 
toxin  more  than  sufficient  to  cause  fatal  poisoning,  sets  up  no  disease 
when  injected  into  animals.     In  their  earliest  researches,  von  Behrini 
and  Kitstsato  kept  the  mixtures  in  contact  in  vUro  for  24  hou 
before  injecting  them  into  test  animals.    Later,  they  found  that  thi 
prolonged  contact  outside  the  body  was  unnecessary  and  that  they 
could  obtain  succcsi^ful  results  by  injecting  the  serum  of  vaccinate<l 
aninuds  and  the  toxin  siinultaneously,  even  at  difterent  points  of  the 
bod}-.     This   discovery  was   immediately  afterwards  applied   by  its 
authors  to  diphtheria  and,  in  the  case  of  botli  intoxications,  confirmed 
by  numerous  observers. 

For  some  time  we  were  satisfied  with  vaccinating  small  laboratory 
animals  and  establishing  the  antito.\ic  power  of  their  blood  serum  ; 
later,  the  vaccination  of  largo  animals,  especially  hoi-ses,  was  co! 
menced  with  the  object  of  obtaining  large  quantities  of  antitetanti 
and  antidii>htheria  serum  for  medical  use.    During  the  course  of 
these  experiments  the  principal  characters  of  the  antitoxic  flui<l* 
were  established.    It  was  deemed  desirable  to  isolate  the  antitoxi(^^ 
substance  from  the  blood  serum  in  order  to  get  rid  of  every  ua^^| 
necessary  and  inactive  admixture,  so  that  tlie  antitoxin  luigiit  be 
used  in  as  pure  a  form  as  possible.     This  idea  of  isolating  the  anti- 
toxic substance  had,  huwever,  soon  to  be  abandoned  as  impossible  of 
realisation.    Antitoxin  is  a  uon-cryst^dli.sable  substance,  of  unknown 
chemical    composition,    which    adheres    firmly    to    the    albuminoid 
1  DeuUclm  med.  Wchiuiclir.,  Leipzig,  1890,  S.  1113. 


.m;      J 


Ârfifieial  immunity  against  toxins 


355 


ki 


i$ 


fn 
vi 
iir 

in 
Iv» 


ihstances  of  the  serum.  It  is  usually  regarded  as  belonging  to 
If  same  albuminoid  group  of  substances,  tliough  it  is  not  possible 
to  prove  this  satisfactorily.  Vou  Behring^  however,  who  studied 
this  question  in  collaboration  witli  Kiiorr,  denies  the  albuminoid 
nature  of  tetaims  antitoxin.  After  demonstrating  that  this  anti- 
toxin, when  the  antitetanus  serum  is  submitted  to  dialysis,  passes 
through  the  dialysing  membrane,  these  observers  found  that  they 
uhl  not  obtain  the  characteri.*tic  reactions  of  albuminoids  in  the 
tîalysed  fluid.  It  must  be  admitted,  however,  that  this  negative 
result  is  not  sufficient  to  justify  a  denial  of  the  albuminoid  nature  of  [373] 
antitoxin.  When  Nencki  and  Mme  Sicber"  sought  to  produce  the 
reactions  of  albuminoid  substances  with  the  digestive  juice  of 
Nejtenthea  (the  well-known  insectivorous  plant)  they  got  no  result  ; 
«t  after  the  concentration  of  the  juice  in  vacuo,  it  at  once  gave  the 
aracteristic  reaction  with  nitric  acid,  and  also  with  acetic  acid, 
potassium  fcrrocyanide  and  Millon's  reagent. 

The  fintitoxins  may  be  precipitated  along  with  the  globulins  and 
distinguished,  in  genejul,  by  a  fairly  great  resistance  against 
ihysical  and  chemical  influences.   In  this  respect  they  are  allied  to  the 
glutinins,  the  fixatives  and  the  precipitins,  considered  elsewhere,  and 
sharply  distinguished  from  the  cytases.     The  antitoxins  resist 
n»peratures  which  destroy  the  cjljvsea  and  remain  unaltered  to 
yond  GO' — 6â'  C.    They  arc  more  stable  than  the  delicate  toxin.s  of 
tctiinus  and  diphtheria,  hut  they  are  more  easily  altered  than  the 
xins  of  cholera,  of  Bacillus  pyocynneus  and  the  venoms.    \Vlien 
ored  in  a  dry  state  in  the  residue  of  evai>orated  senims  and  protected 
from  light  and  air,  the  antitoxin»  will  keep  for  a  very  long  time 
without  showing  any  notable  attenuation.     This  prop>erty  is  very 
important  in  practice. 

The  antitoxins,  in  this  respect  also  resembling  the  fixatives  and 

e  agglutinins,  are  humoral  substances  in  the  strictei^t  sense  of  the 

rm.    They  are  found  not  only  in  prepared  serums  but  abound  also 

in  the  plasma  of  the  circulating  blond,  and  in  the  plasmas  of  the 

lymph  and  of  exudations.    Vaillartl  and  "Roux'  have  shown  that  the 

ear  acellulur  sen)U8  fluid  of  the  oedema  pnMluced  by  the  slowing 

the  circulation  in  rabbits  vaccinated  against  tet^mus  toxin,  is  as 

antitoxic  as  the  blood  itself.     Even  the  aqueous  humour  of  a  strongly 

*  "Die  ])raktiflulicn  Ziole  der  BluUcrunithorapie,"  Leipzig,  IS92,  S.  5X 

*  ZUchr.f.  phf/tiol.  C/mrn.,  Struasburg,  1901,  Bd.  xrxu,  S.  318. 

*  Amu  de  t'lnst.  Pasteur,  Faru,  iai>3,  t.  rn,  p.  HI. 
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immunised  animal  is  antitoxic,  though  to  a  less  <le;ïrce.  On  the 
other  haiiil,  the  saliva  aiul  tirine  exhibit  very  little  antitoxic  j)owcr, 
even  when  they  are  derived  from  animals  hyperimmuniscd  against 
tetanus  toxin.  Milk,  as  first  demonstrated  by  Elirlich^,  is  fairly  rid 
in  antitoxin,  although  much  less  so  than  the  blood.  According 
the  estimation  of  Ehrlich  and  WasseiTnann-,  in  the  same  imnuinised 
[374]  animal,  milk  contains  oue-fifteenth  to  one-thirtieth  of  the  amount  of 
diphtheria  or  tetanus  antitoxin  contained  in  the  blood.  Pus  is  always 
leas  antitoxic  than  blood  or  blood  serum.  According  to  Roux  and 
Vaillard  (/.  c,  p.  82),  the  pus  of  their  rabbits  vaccinated  againrt 
tetanus  toxin  was  only  one-sixth  or  one-eighth  as  antitoxic  as  tli(; 
serum  of  the  blood.  In  Salomonsen  and  Madscu  s'  antidiphtheritie 
horse  the  cellular  sediment  of  the  pus  was  about  one-half  as  antitoxic 
as  the  bUtod.  ^ 

For  the  development  of  the  antitoxic  property  in  the  fluids  of  the 
body,  it  is  not  essential  that  animals  should  belong  to  species  sus- 
ceptible to  the  corresponding  toxin.    Animals  naturally  most  refrac-^i 
tory  agsiinst  the  poisons  of  iliplitheria  and  tetanus  are  also  capabt^f 

h™ 


ttti^i 


of  producing  antitoxins.  Vaillard*  demonstrated  this  fact  in  thé 
fowl.  This  bird,  which  is  naturally  refractory  against  tetanus,  usuallj 
acquires  a  very  marked  antitetanic  power  in  its  blood  after  on 
or  more  injections  of  tetanus  toxin.  He  observed,  however,  thai 
in  fowls  thus  treated,  at  a  stage  when  the  fluids  of  the  body  are  anti; 
toxic,  the  albumen  of  the  egg  is  not  so.  The  antitoxin,  therefor 
does  not  pass  into  this  nutritive  secretion,  as  it  does  into  the  milt 
of  mammals.  On  the  oilier  hand,  as  has  been  demonstrated  by 
F.  Klemperer',  the  vitellus  of  the  eggs  of  fowls  treated  with  tetanus 
toxin  iu  time  acquires  an  antitoxic  property  of  the  most  murked 
character. 

The  antitoxins,  found  especially  in  the  flui<ls  of  the  body  but 
only  scantily  in  the  cells,  exert  some  action  on  the  toxins.  What 
is  the  nature  of  this  action?  This  question,  much  studied  and 
discussed,  is  one  of  very  great  importance  in  connection  with  the 
general  problem  of  acquireil  immunity  against  toxins.  In  his  first 
memoir,  written  in  collaboration  witli  lutasato^  von  Behring  (Z>eM<ifc/ 

1  3Utckr.f.  Hug.,  Leipzig,  1892,  Bd.  xn,  &  18a 

•  Ztfchr.f.  Hyg.,  Leipzig,  1894,  Bd.  xviii,  8.  248. 

•  Ann,  de  Flutt.  Patteur,  Piirin,  1897,  t.  xi,  p.  324. 

•  Compt.  rend.  Soc.  de  biol.,  ?Hri8,  1891,  p.  462  ;  Ann.  dePlnil.  PMleur,  '. 
1S92,  t  VI,  p.  229. 

■*  Arch./,  exper.  Path.  u.  Phutinakol.,  Leipzig,  1893,  Bd  xxxi,  8.  371. 
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'hnschr^  Leipzig,  1800,  S.  1113)  formulates  his  first  thesis  as 

^^ows  :  *'  the  blood  of  a  rabbit  ÎQinuinlscd  against  tetanus  possesses 

^ft  property  of  destroying  tetanus  toxin."    This  idea  of  destruction, 

'  which  would  remove  all  toxic  power  from  the  poison,  would  naturally 

y|pe8ent  itself  to  the  mind  and  wa.s  at  once  accepted  by  a  great  many 

^Mervcrs,  but  the  numerous  facts  now  accumulated  on  the  subject  [375] 

^  win  not  allow  us  to  accept  a  real  destruction  of  toxins  by  antitoxins. 

^^oni^  was  one  of  the  fii-st  to   point   out  certain   contradictions 

^Ptween  the  theor}'  of  destruction  and  the  phenomena  produced  ia 

nîniuials  injected  with  tetanus  toxin  and  antitoxin,     Buchner^  also 

brought  forward  new  facts  which  led  him  to  conclude  that  antitoxin, 

instea<l  of  acting  directly  on  the  toxin,  exerts  its  influence  exclu- 

8ively  on  the  living  elements,  thus  protecting  the  animal  against 

intoxication.     Amongst  the  arguments   advanced   by   the  Munich 

observer,  the  principal  one  is  drawn  from  the  different  action  of 

mixtures  of  tetanus  toxin  and  antitetiums  serum  on  various  species 

K animals.  It  has  been  clearly  shown  that  the  guinea-pig  is  more 
ceptible  to  tetanus  than  is  the  mouse.  In  poisoning  with  tetanus 
uiiin  it  requires  an  absolutely  larger  quantity  of  toxin  to  kill  the 
guinea-pig  than  to  kill  the  mouse.  But  if  we  take  into  account  the 
weight  of  these  animals,  the  conditions  change  completely.  Thus,  to 
cause  a  fatal  tetanus  in  a  guinea-pig,  which  M'eighs  twenty  times  more 
than  a  mouse,  we  need  only  inject  into  the  former  a  dose  at  most  ten 
times  greater  than  that  necessary  to  produce  fatal  intoxication  in  the 
mouse.  Buchner  prepared  a  mixture  of  tetanus  toxin  and  anti- 
tetanus serum  which,  in  the  mouse,  produces  no  tetanic  phenomenon 
or  only  sets  up  feeble  and  transient  symptoms.  According  to  the 
theory  of  direct  action,  we  must  assume  that  in  this  mixture  the 
toxin  is  completely  or  almost  coni[>letely  neutralised  by  the  antitoxin 
of  the  serum.  But  when  Bucliner  injected  the  same  quantity  of  mix- 
I  ture  into  guinea-pigs,  witliout  increasing  it  in  proportion  to  the  greater 
•weight  of  these  animals,  he  produced  a  tetanus  of  the  most  marked 
character.  There  has,  consequently,  remained  in  the  mixture  a 
sufficient  amumit  of  free  toxin,  whose  tetanigenic  action  is  mani' 
fested  in  the  guinea-pig,  an  animal,  as  we  have  seen,  more  susceptible 
than  the  mouse.  Buchner "s  exjieriment  has  been  verified  by  several 
Bervers.     lioux  and   Vailtard'*  carried  out  others  which  afford 


»  Berl.  klin.  Wchmchr^  1893,  8.  1266. 

•  Miincheti.  med,  Wr/miehr.,  1893,  S.  •480. 

•  Ann.  de  i'liitl.  PatU-ur,  Pari»,  1S94,  t  VlU,  p.  725. 
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similar  evidence.    The  same  mixture  of  tetanus  toxin  and  specific 
serum  wliicli  is  borue  without  the  least  difliculty  by  normal  guiiKs»- 
pigs,  causes  typical  tetanus  in  other  guinea-pigs  of  the  same  weiglit, 
and  apparently  in  the  best  of  health,  but  which   hare  been  im- 
[376]  mnnised  some  time  before  ag-aiust  the  Miissowah  viljrio.     In  another 
series    of   experiments,    Uoux    aiul  Vaillurd  injected   into  guiii»«- 
pigs  a  very  large  amount  of  antitetanus  serum  "  capable  of  nn- 
muuising  them  thousamk  of  times,"  and,  shortly  afterwards,  a  letlial 
dose  of  tct;iinis  toxin.    Tlie   normal   guinea-pigs   were   thorouglilv 
resistant  to  this  test,  whilst  several  guiuea-pigs  into  which  were  also 
injected  the  [)ro(lucts  of  other  micro-organisms,  acquired  tctanii». 
Analogous  results  were  obtained  with  mixtures  of  diphtheria  toxin 
and  antidiphthoria  scrum.    Roux  concludes  from  these  facts  "that 
the  antitoxins  act  on  the  cells."     Against  the  thcorj'  of  the  destruc- 
tion of  toxins  by  antitoxins,  he  invokes  the  influence  of  heat  on 
mixtures  of  these  two  substances.    Calmette\  under  Roux'»  inspi- 
ration and  in  his  laboratory,  caiTÎed  out  various  experiments  on  anti-j 
venotnoua  sennn.     .\  mixture  of  this   with   snake  venom,  in  such] 
proportion  that  the  poison  became  inactive,  regained  its  toxicity! 
after  being  lieatcd  for  five  minutes  at  60°  C.    Anormal  animal,  in- 
jected  with   this   mixture,  succumbed  as  if  it   had   received  pure 
venom.    On  being  heated  at  G3°  C.  the  serum  lost  all  its  antitoxic 
power  over  the  venom,  and  the  hitter,  which  only  becomes  modifie»!  at 
a  much  higher  temperature,  remained  intact     Liiter,  a  similar  result 
was  obtained  by  Wasscrmann-  in  his  experiments  with  pyocyauid 
toxin.    This  poison  is  resi^itjint  at  even  higher  tempemtures  than  ij 
snake  venom,  wliilst  the  antitoxin  of  the  sertun  is  destroyeil  luide 
the  same  conditions  as  are  the  other  antitoxins.    Taking  advantiig 
of  these  peculiarities,  Wassermann  boiled  the  mixture  of  pyocyanic" 
toxin  and  antitoxin  serum,  being  careful  to  dilute  it  with  two  volumes^ 
of  distilled  water  before  doing  so.     This  mixture  which,  before  it  wai|l 
heated,  was  quite  innocuous  for  guinea-pigs,  again  became  a  fatal 
poison  after  the  destruction  of  the  antitoxin. 

These  experiments  prove  clearly  that,  in  the  action  of  the  anti- 
toxin on  the  toxin,  there  can  no  longer  be  any  question  of  an  actual 
destruction  of  the  latter,  a  view  which  has  been  accepteil  by  both 
von  Behring  and  Ehrlich.    But,  as  pointed  out  by  Roux  at  the 


*  "  Le  venin  dee  serpent*,"  Paris,  1 896,  p.  58. 
>  Zudii-.f.  Hijij^  Leipaig,  18!Hi,  BiL  xxu,  S.  2G3. 
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tcrnational  Congress  at  Budapest  in  lfîn4,  the  manifestation  of 
e  toxic  action  of  the  venom  after  it  has  been  heated  along  with 
ititoxiu,  may  be  reconciled  Mitli  the  view  that  the  combination 
tween  the  two  substances,  if  such  take  place,  must  be  very  unstable. 
Tliis  same  remark  may  be  applied  to  Waasermanu's  experiment.  [:*""] 
Therefore  the  great  majority  of  observers,  if  not  all,  admit  that  the 
antitoxin  combines  with  the  toxin  to  form  an  innocuous  and  unst;»ble 
stibstance  which  can  be  decomposed  by  heat  and  by  other  agents. 
The  researches  on  the  action  of  antitoxins  in  vitro  have  had  a 
powerful  influence  in  determining  this  view. 

We  have  already  in  Denys  and  van  de  Velde's'  experiments  an 
indicixtion  of  the  direct  action  of  certain  antitoxins.  These  observers 
howed  that  the  serum  of  anitiials  vaccinated  against  a  Staphylococcus 
capable  of  neutmlising  in  vitro  a  jtarticular  toxin  to  which  van  de 
Velde  gave  the  name  of  leiicocidin.  When  it  Mas  added  to  a  drop  of 
the  exudation  from  a  rabbit,  this  leucocidin  in  a  very  short  time 
lestroyetl  the  white  corpuscles,  by  dissolving  the  cell  content  Init 
tejiving  the  nucleus  untouched.  When  Denys  and  van  <le  Velde 
prepared  mixtures  of  leucocytes,  leucocidin  aiitl  antileucocidic  seruiu 
in  vitro,  the  white  corpuscles  retained  their  normal  condition  for  a 
erj-  long  time.  The  leucocidin  was,  therefore,  rentlered  inactive  by 
he  direct  inllucnce  of  the  corresponding  antitoxin.  These  facts  have 
been  confirme»!  by  Bail-  and  other  observers  and  even  extended  to 
certain  otlier  microbial  toxins.  Thus,  the  Bnriilns  pyoaja»cu»  pro- 
duces a  leucocidin  which  kills  the  white  corpuscles  and  dissolves 
their  contents'.  With  the  object  of  facilit^iting  cxperimetits  with 
these  leucocytic  poisons  and  the  c<)rresi>onditig  antitoxic  senuns, 
Neisser  and  Wechsberg\  of  the  Institute  of  Experinientid  Thera- 
peutics at  Fr.mkfort,  invented  a  method  which  allows  us  to  observe 
the  phenomena  of  the  destruction  of  the  leucocytes  and  of  the  anti- 
toxic power  in  test  tubes,  without  having  recourse  to  a  microscopical 
examination.  They  applied  the  fact,  «liscovered  by  Ehrlich,  that 
living  forme<i  elements  reduce  methylene  blue  and,  depriving  it  of  ita 
i,oxygen,  decolorise  it.  Leucocytes  from  aseptic  exudations  are  iutro- 
nced  into  tul>es  and  a  weak  solution  (2%)  of  methylene  blue  is 
poured  on  them.     To  prevent  the  re-oxidation  of  this  colouring- 


i  La  OWm/p,  Lierre  et  Louvnin,  1896,  t.  xi,  p.  369  ;  Ann.  de  tlml.  Porteur,  P»rU, 
|!1890, 1.  X,  p^  580. 

'  Arcf^f.  Hyg-,  Miinchen  a.  Leipzig,  1897,  Bd.  xxx,  S,  348. 

'  Gliooivliiewsky,.<nn.  du  Flntt.  Pn*t'<itr,  Paris,  1899,  t.  xtn,  p.  298. 

♦  Zttchr.f.  Hy'j.,  Leipzig,  l&Ol,  Bd.  xxxvi,  S.  ii». 
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matter  by  the  oxygen  of  the  air,  the  surface  of  the  fluid  is  covered 
[378]  with  a  layer  of  liquid  paraffin.  If  the  leucocytes  are  living,  the 
lower  blue  layer  becomes  decolorised  in  a  short  time  (in  about  two 
hours)  ;  when  the  corpuscles  are  dead,  decoloration  does  not  take 
place.  By  adding  to  the  mixture  of  leucocytes  and  colouring  matter 
some  leucocidin,  alone  or  along  with  antileucocidic  serum,  it  is  possible 
not  only  to  observe  with  the  naked  eye  the  phenomena  which  take 
place  in  these  cases,  but  also  to  estimate  to  some  extent  the  pro- 
portions of  poison  and  counterpoison. 

All  these  researches  make  it  clear  that  the  antitoxin  acts  directly 
on  the  leucocidin.  Similar  facts  have  been  noted  as  regards  cer- 
tain other  organic  poisons  and  their  antitoxins.  Shortly  after  the 
discovery  of  antileucocidin  by  Denys  and  van  de  Velde,  Kanthack 
made  a  communication  to  the  Physiological  Society  in  1896^,  ex- 
hibiting tubes  in  which  the  coagulating  action  of  Cobra  venom  on 
the  blood  had  been  prevented  by  the  addition  of  antivenomous 
serum.  Of  all  the  experiments,  however,  made  to  prove  the  direct 
action  of  antitoxin  on  toxin,  Ehrlich's^  have  played  the  most  important 
part  in  the  study  of  this  question.  Ehrlich  directed  his  attention  to 
ricin  which,  as  Eobert  demonstrated,  has  the  property  of  agglutinat- 
ing the  red  corpuscles  of  defibrinated  blood.  This  phenomenon  can 
be  easily  observed  in  vitro.  In  tubes  containing  red  blood  corpuscles, 
the  addition  of  ricin  causes  these  corpuscles  to  agglutinate  into 
clumps  and  to  fall  to  the  bottom  of  the  tube,  leaving  a  clear  superna- 
tant fluid.  After  adding  progressively  increasing  quantities  of  antiricic 
serum  to  the  tubes  containing  fluid  blood  and  ricin,  Ehrlich  was  able 
to  demonstrate  that  small  quantities  of  antiricin  merely  retarded  the 
precipitation  of  the  red  corpuscles,  whilst  larger  doses  completely  pre- 
vented it.  Having  studied  the  proportions  of  ricin  and  its  antidote, 
necessary  to  retard  and  prevent  the  fatal  poisoning  of  animals,  Ehrlich 
was  struck  by  the  parallelism  which  is  exhibited  between  the  action 
of  the  antitoxin  in  the  living  animal  and  that  in  the  test  tubes. 

The  study  of  anticytotoxins,  discussed  in  the  fifth  chapter,  has 
furnished  another  opportunity  of  observing  the  action  of  antitoxins 
[379]  in  vitro.  Camus  and  Gley  and  H.  Eossel  were  the  first  to  observe 
the  action  in  vitro  of  antitoxic  serum  against  the  ichthyotoxin  of 
eel's  serum.  Since  this  observation,  this  phenomenon  has  been 
repeatedly  studied  in  the  antihaemolysins   and   antispennotoxins. 

^  [At  a  meeting  held  at  St  Bartholomew's  Hospital,  London,  cited  by  Stephens 
and  Myers  in  Jourti.  Polk,  and  Bacleriol.,  Edin.  and  London,  1898,  voL  v,  p.  280.] 
*  Fortschr.  d.  Med.,  Berlin,  1897,  Jahrg.  xv,  8,  41. 
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le  antidiastatic  serums  ako  act  in  vitro  and,  as  tlieir  effect  can  be 
deuioustrateil  on  soluble  ferments  placed  iu  contact  with  unorganised 
bodies,  such  as  gchitine  and  casein,  the  purel}'  chemical  character  of 
the  reaction  is  all  the  more  strikingly  shown-  We  are  indebte<l  to 
von  Dungern,  Briot  and  Morgenroth  for  accurate  observations  on  this 
subject. 

Martin  and  Clierry^  made  use  of  a  diffeivut  mcth<Hl  to  demon- 
titratc  the  direct  action  of  antitoxins  ou  toxins  which  exliibit  tlieir 
toxic  power  on  the  animal  organism.  They  chose  snake  renom  mixed 
with  antivenomous  serum.  The  mixtures  were  filtered  under  great 
presi»ure  [50  atmospheres]  through  a  film  of  gelatine,  under  the  idea 
that,  if  the  venom  and  antitoxin  were  not  chemically  combined,  the 
former  alone,  owing  to  its  much  smaller  molecules  as  compared  with 
those  of  the  antivcnom,  would  pass  into  the  filtered  fluid.  This  fluid 
should,  under  these  conditions,  possess  a  toxic  pow^er  for  animals, 
when  the  mixture,  used  for  filtration,  was  deprived  of  the  larger 

iolecules.    Martin  and  Cherry  left  the  venom  and  tlie  antitoxic 

rum  in  contact  for  periods  of  varying  length,  before  filtering  tlie 

mixtures.     As  the  result  of  a  series  of  such  experiments  carried  out 

ccordiug  to  this  scheme,  they  found  that  the  product  of  the  filtra- 

jou  made  after  some  minutes'  contact  between  the  two  substances, 

Vas  distinctly  toxic  ;  whilst  the  filtrate  obtained  after  a  contact  of 

fan-hour  was   absolutely  innocuous.     From   their   observations 

ese  authors  conclude  that  the  antitoxin  enters  into  chemical  com- 
bination with  the  vcuom,  but  that  the  combination  does  not  tiike 

ace  instantaneously,  a  certtdu  amount  of  time  being  necessar}'  for 
accomplishment 

In  addition  to  the  time  factor  othei's  have  an  influence  on  the 
combination  between  toxins  and  antitoxins,  as  is  seen  from  Ehrlich's- 
and  Knorr's^  investigations.  Both  observers  have  shown  that  anti- 
toxin neutralises  the  toxin  more  slowly  in  dilute  solutions  than  in 
more  concentrated  form.  For  tliis  reason,  when  animals  are  injected  [380] 
with  very  weak  solutions,  the  toxin  may  manifest  it«  action  before  it 
can  be  neuti-alised  by  the  antitoxin  ;  ttiis  may  lead  to  erroneous 
conclutiious.  On  the  other  hand,  according  to  data  furnished  by 
these  authors,  temperature  also  exerts  an  influence  on  the  combi- 

•  Proc  Boy.  Soe.  London,  1898,  VoL  Lxni,  p.  423. 

•  JTIt».  Jahrbtich,,  Berlin,  1897,  Bd  vi,  S.  13  [of  reprint]. 

•  F'TUchr.  d.Med.,  Berlin,  1897,  Jathrg.  xv,  S.  657;  Munehm.  nud.  Wehnichr., 
1898,  8.  321. 
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nation.  Lowering  the  temperature  retards,  wiiilst  raising  it  accelerates 
the  neuti'alisatiun  of  the  toxins  by  the  antitoxins.  Insiiiting  on  the 
purely  chemiciil  cliaraeter  of  the  combination  between  these  two 
Bub:$tanceâ,  Ehrlich  and  Knorr  adduce  the  fact  that  this  combination, 
in  cases  where  we  have  a  conijilete  neutralisation  of  the  toxin,  follows, 
most  rigorously,  the  law  of  multiple  doses,  that  is  to  say,  in  order  to 
render  innocuous  a  hundretl  doses  of  toxin  we  have  only  to  take  a 
hundred  times  the  quantity  of  antitoxin. 

The  series  of  facts  summarised  above  demonstrate  distinctly  that 
antitoxins  act  directly  on  toxins.  But  how  ciin  tliis  result  be  recon- 
ciled with  the  observations  given  above  according  to  which  must  be 
admitted  the  no  less  real  influence  of  the  organism  of  the  living 
animal  on  intoxication  by  mixtures  of  antitoxin  with  toxin  ?  Knorr' 
Bouglit  at  firet  to  minimise  tlie  importance  of  the  facta  brought  for- 
ward by  Buchuer  ami  lloux.  He  failed  to  corroborate  Buchner's 
results  and  found  that  tlie  injection  of  mixtures,  made  with  very 
large  doses  of  tetanus  toxin  (i2(),lMi()  times  the  minimal  lethal  dose) 
and  corresponding  quantities  of  antitetanus  serum,  brought  about 
the  same  effect  in  guinea-pigs  and  mice.  By  modifying  the  quantity 
of  antitoxin,  he  rendered  tiic  mixture  equally  innocuous  or  equally 
toxic  for  these  two  species.  But  the  data  given  by  Knorr  are  quite 
sufficient  to  prevent  us  from  accepting  his  conclusion.  In  his  experi- 
ments, as  in  those  of  Buchner,  tlie  guinea-pigs  manifested  a  greater 
susceptibility  and  <lied  from  mixtures  which,  iu  mice,  caused  merely  a 
tetanus  of  medium  intensity. 

Some  have  sought  to  explain  Buchner's  experiment  by  assuming 
that  the  mixtures,  lethal  for  the  guinea-pig  and  innocuous  for  the 
mouse,  owed  their  toxic  action  to  the  presence  of  the  tetanm  t^oxone 
and  not  of  the  true  tetanus  poison,  the  kianoaprismin.  This  hypo- 
thesis of  toxones,  as  stated  above,  was  put  forward  by  Ehrlich  as  the 
[381]  outcome  of  his  ingenious  researches  on  the  constitution  of  the  diph- 
theria poison.  As,  however,  the  toxones  must  act  ditferently  from  the 
toxins,  we  can  only  attribute  to  tlieir  action  the  results  in  those  ca.ses 
where  the  guinea-jngs  die  without  presenting  typical  symptoms  of 
true  tetanus,  that  is  to  say  without  spasms.  Now,  in  Buchner's 
experiments,  a  much  larger  proportion  of  these  animals,  injected 
with  the  same  mixtures  as  the  mice,  succumbed  and  exhibited  the 
characteristic  tetanic  convulsions.     Even   in  those  cjises,  however, 

'  "  Experimentelle  Unteraachungen  uber  die  Grenzen  der  Heilungatuôjjlicbkcit 
des  Tetanus,"  MHrburg,  1895,  SS.  14,  21. 
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where  the  death  of  the  giiinea-pîgs  might  be  attributable  to  an 
intoxication  by  the  toxone,  the  general  result  coultl  not  be  altered. 
The  toxones  ai"e,  according  to  Ehrlich,  manufactured  by  the  micro- 
organisms in  tlie  culture  media  and  form  an  integnd  part  of  the 
natural  microbial  poisons.  Again,  they  are  neutralised  by  antitoxic 
serums.  If,  therefore,  in  spite  of  there  being  the  «une  quantity  of 
toxones  and  of  antitoxin  in  the  mixtures,  these  mixtures  become 
more  toxic  for  the  guinea-pig  than  for  the  mouse,  we  have  an  indica- 
tion that  some  special  change  must  take  place  in  the  animul  to  upset 
the  conditions  of  toxicity. 

Weigert^  accepts  the  accuracy  of  Buclmer's  expeiinicnt,  which, 
indeed,  can  no  longer  be  denied,  but  explains  it  on  the  hypothesis 
that  tl»ere  is  some  substance  in  the  animal  possessing  a  very  great 
nflinity  for  the  toxin.  Tliis  substance  is  supposed  to  be  cai»able  of 
decomposing  the  innocuous  contbination  of  the  antitoxin  with  the 
toxin,  just  as  heat  does  in  Calmette's  and  Wassennaiin's  experiments, 
described  above.  In  both  cases  the  toxin  would  be  set  free  to  exert 
its  noxious  action.  Such  a  hypothesis  is  very  probable,  because  it 
agrees  with  direct  observation,  but  it  compels  us  to  accei)t  some  new 
phenomenon  which  is  produced  not  in  vitro,  but  in  the  living  animal, 
and  which  carries  on  its  work  in  a  very  different  fashion  in  the 
guinea-pig  and  in  the  mouse. 

In  the  present  imperfect  state  of  our  knowledge  it  is  very  difficult 
to  form  any  idea  of  the  precise  conditions  which  must  intervene  in 
the  ot^nism  of  the  guinea-pig  to  cause  the  tetanus  toxin  to  act  in  a 
mixture  with  antitoxin  which  is  much  mure  innocuous  for  the  mouse. 
In  order,  however,  to  satisfy  those  who  seek  to  understand  these 
complex  phenomena,  it  may  be  useful  to  cite  another  example  of 
antitoxic  action  in  which  certain  factors  are  distinguished  by  their 
simplicit}'. 

Lang,  Heymans  and  Masoin^  have  demonstrated  that  hyposul-  [382] 
phite  of  soda  prevents  poisoning  by  prussic  acid.  This  terrible 
poison  becomes  innocuous  if  we  titkc  care  to  introduce  into  the 
animal  by  any  channel  whatever  (subcutaneously,  intravenously,  or  by 
the  stomach)  a  sufficient  quantity  of  hyposulphite  of  soda.  Under 
tbese  conditions  the  sulphite  is  substituted  for  the  hy«lrogen  of  the 
prutwic  acid,  transforming  the  jMison  into  sulphocyauic  acid,  which 

'  Lnbarach  u.  OstorUg'a  "Ergelxiisse  d.  allgeni.  Puthologie  u.  patUulog.  Atiulo- 
mie,*  Wie»biuleii.  iv  JmIifs.  (for  1897).  S.  121. 

*  Arch.  interiHxt.  de  Pharmacmlyn.,  Gaud  et  Puris,  ISSKi,  Vol.  m,  p.  77. 
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has  no  action  on  the  organism.  Tlie  hyposulpliite  of  soda,  then, 
as  the  antitoxin  of  the  prussic  acid,  thanks  to  a  ciiemical  reaction  of 
substitution  between  bodies  of  simple  composition.  We  have  never 
yet  succeeded  in  reproducing  tins  reaction  in  vitro,  livhilst  in  th( 
antnml  body  it  is  eftected  witli  very  great  ease.    Consequently,  we 


th^ 
arn 


quite  justified  in  invoking  special  conditions  in  the  body  of  the 
living  animal  ;  this,  however,  does  not  preclude  the  possibility  of  a 
transformation  of  the  toxic  substance  into  an  innocuous  substance 
through  a  chemical  reiictiou.  It  is  probable  that  analogous  phe- 
nomena may  also  be  met  with  in  the  action  of  true  antitoxins  on 
the  microbial  toxins  or  allied  substances  (venoms,  vegetable  toial- 
bumins).  fl 

The  Case  of  the  destruction  of  micro-organisms,  which  is  now  more 
easily  studied  because  it  is  possible  to  observe  with  the  eye  the  fate 
of  these  orgauisms  in  the  animal,  is  a  further  source  of  valuable 
information.  The  direct  action  of  cytases  on  certain  bacteria,  such  as 
the  cliolera  vibrio,  can  be  just  as  easily  demonstrated  in  vitro  as  can 
the  action  of  antiricin  on  ricin.  If  we  proceeded  to  argue  from  this, 
a  perfectly  accurate  observation,  tliat  the  living  animal  plays  no  part 
in  tlie  destruction  of  the  micro-organisms  and  tiiat  this  destmction 
takes  place  always  in  a  fasliion  analogous  to  Pfeiffer's  phenomenon 
in  vitro,  we  should  undoubtedly  arrive  at  an  erroneous  conclusion. 
We  know  already,  as  has  been  indicated  in  previous  chaptere,  that 
tlje  granular  transformation  of  vibrios  is  only  part  of  a  whole 
series  of  jiheuomena  of  destruction  of  micro-organisms,  the  great 
majority  of  which  phenomena  require  more  or  less  active  inter- 
vention of  the  animal  organism.  In  reality,  matters  usually  go  on  in 
a  very  complicated  fashion,  in  which  direct  and  indirect  actions  ar^fl 
blended  in  varied  proportions.  In  the  examples  described  elsewhere, 
we  see,  alongside  the  granular  transformation,  an  agglutination  into 
[383]  clumps  and  immobilisiition,  and  an  ingestion  and  intracellular  de- 
struction of  micro-organisms.  The  final  phase,  no  doubt,  is  always 
a  chemical  or  physico-chemical  action,  exerted  against  the  micro- 
organism, but  how  varied  are  the  means  used  to  bring  about  thi^| 
result  !  We  may  surely  be  allowed  to  suppose  that  analogous  pheno- 
mena may  take  place  in  the  action  of  antitoxins  on  the  toxins. 

Just  as,  in  the  analysis  of  tlie  uifiucnce  of  serums  on  the  micro- 
organisms, it  was  found  useful  to  study  the  actiun  of  certain  fluids 
less  complicated  than  the  anti-infective  specific  serums,  so  we  may 
utilise  iurormutiou  furnished  by  the  antilo.\ic  action  of  fluids  other 


tlian  the  tnie  antitoxins.  Cases  are  by  no  means  rare  in  wiiicl»  nor- 
mal serums  exert  a  certain  influence  on  toxins.  Thxis,  Pfeiffer^  note<l 
that  the  normal  blood  serum  of  the  goat  has  the  power  to  prevent 
fatal  poisoning  by  the  cliolera  toxin.  Freund,  Grosz  and  Jelinek - 
observeil  an  analogous  action  of  solutions  of  nucleohiston  on  diph- 
theria intoxication  and  Kondratiefi*^  demonstrated  the  same  action  of 
an  extract  of  the  spleen  on  the  tetanus  poison.  Galraette*,  in 
collaboration  with  Dcléartle,  studied  the  influence  of  a  whole  series 
of  fluids  on  abrin  intoxication.  Whilst  physiological  saline  solution 
was  absolutely  incapable  of  preventing  the  death  of  animals,  fresh 
broth  exerted  an  undoubted  antitoxic  power.  Amongst  normal 
serums,  ox  serum  exhibited  a  certain  antirabic  property.  More, 
however,  than  the  serums  of  normal  animals^  have  those  of  animals 
immunised  against  various  toxins  other  than  abrin  (antitetanus,  anti- 
diphtheria,  antivenomous  serums,  &c.)  been  found  to  possess  the 
{lower  of  preventing  intoxication  by  abrin.  These  facts  are  connected 
with  others  of  analogous  nature,  previously  demonstrated  by  Calmette", 
of  which  I  may  cite  the  following  :  the  serum  of  animals  vaccinated 
Against  tetanus  toxin  is  active,  though  to  a  less  degree,  against  snake 
Tcnom  ;  the  serum  of  rabbits  vaccinated  against  rabies,  a  serum 
powerless  to  protect  against  this  disease,  is,  however,  very  markedly 
eflfective  against  the  same  venom  ;  the  serum  of  animals  immunised 
against  snake  venom  is  also  antitoxic  against  scorjnon  venom  (I  have  [334] 
myself  had  the  opimrtunity  of  confirming  this  fact  on  sevend 
occasions).  In  all  these  examples,  the  serums  have  proved  to  be  less 
efficacious  against  poisons  other  than  the  toxin  with  which  the 
animals  that  furnished  the  blood  had  been  trcnited.  Ehrlich*,  too, 
has  demonstrated  that  animals  vaccinated  against  robin  (toxalbumin 
of  Rubinia  pscudacacia)  produce  a  serum,  antitoxic  not  only  against 
this  poison  but  also  against  ricin.  It  need  scarcely  be  added  that  in 
all  these  cases  of  non-specific  action  of  serums  derived  from  ^'accin- 
ated  animals,  no  question  of  any  antitoxic  efiect  of  normal  serums 
can  enter.  In  all  the  experiments  just  summarised,  the  serums  of 
normal  animals,  used  as  controls,  were  found  to  be  inefficacious. 

•  Ziaehr.f.  Hyg.,  Lcipzigr,  1S95,  Bd.  xx,  8.  210. 

*  Ceulratll.f.  inn.  AM.,  I-cipzig,  IS95,  Jahrg.  iri,  S8.  !)13,  937. 

*  Areh./.  fjtj^er.  Path.  u.  Ptuirmakol,  Leipzig,  1896,  Bd.  xxxvil,  8.  191. 

♦  Ann.  de  VIntt.  Pasteur,  Paria,  1S96,  t.  x,  p.  703. 

*  Ann.  (Ip  I'/imt.  Piutetir,  Paris,  1895,  t  IX,  p.  225. 

•  "LHo  Wertbbemeiisutig  d.  Diphtherielieilsoruma"  (A7(»i.  Ja/irb.,  Borlin,  1897, 
p.  80  of  repriut). 
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If,  in  the  case  of  the  non-specific  action  of  seninis,  it  were 
uUowable  to  advance  the  hypothesis  of  a  direct  influence  of  these 
fluids  on  the  toxins,  it  would  still  be  impossible  to  sustain  this  view 
wliere  bvotli  fulfils  the  antitoxic  rule.  Tliis  fluid,  much  simpler  in 
composition  than  any  serum,  is  an  excellent  culture  medium  for 
micro-organisms  and  one  in  which  the  toxins  develop  well  and  can  be 
kept  for  a  fairly  long  period.  There  is,  therefore,  not  the  slightest 
ground  for  assigning  to  it  any  direct  antitoxic  action,  on  the  contrary, 
everything  leads  iis  to  regard  it  as  an  indirect  agent,  which  acts  by 
stimulating  the  reaction  of  the  animal  organism.  Here,  then,  the 
case  would  be  quite  analogous  to  that  of  the  action  of  broth  as  a 
protective  agent  against  certain  bacterial  injections,  a  subject  already 
<liscussed  in  the  tenth  chapter.  In  this  same  category  of  indirect 
influences  also,  must  be  ranked  the  example  of  the  antitoxic  action 
of  the  blood  of  the  crayfish  against  scorpion  venom.  I  bave 
demonstrated  in  a  series  of  experiments  that  the  fresh  blood  of  the 
crayfish  has  the  power  to  prevent  fatal  intoxication  of  mice  by- 
scorpion  venom.  Injected  in  a  dose  of  from  1  to  1"25  cjc,  several 
minutes  or  an  hour  before  the  injection  of  the  rapidly  fatal  do-se  of 
scorpion  venom,  the  crjiyfish's  blood  exerts  a  very  distinct  preventive 
action.  It  might  be  supposed  from  this  that  the  crayfish  belongs  to 
the  gi-oup  of  animals  insuscejitible  to  scoi-pion  venom.  This,  how- 
ever, is  not  the  case.  The  crayfish  is  very  susceptible  to  this  poisDn 
[335]  and  succumbs  to  a  quarter  the  dose  necessary  to  kill  a  mouse.  The 
blood  of  the  crayfish  is,  therefore,  completely  ineffective  iw  a  pro- 
tective to  the  crayfish  itself,  and  only  exerts  its  action  when  introduced 
into  the  body  of  the  mouse.  It  might  be  concluded  that  it  is  only 
after  it  has  been  dniwn  from  the  crayfish  that  the  blood  acquires  its 
antitoxic  power.  Experiment  contradicts  this  supposition.  Crayfish 
blood,  when  injected  into  another  crayfish,  in  equal  or  greater  amount 
than  is  necessary  to  protect  a  mouse,  is  incapable  of  preventing  fatfll 
intoxication  by  scorpion  venom,  although,  here  again,  the  crayfish 
received  only  one-quarter  of  the  dose  of  venom  used  for  the  mice. 

We  are,  therefore,  compelled  to  lielteve  that  the  crayfish's  blood 
is  antitoxic  for  the  mouse,  not  in  virtue  of  its  direct  neutralising 
action  on  the  venom,  but  owing  to  some  indirect  influence  on  the 
organism  of  the  mouse.  It  is  impossible  to  define,  exactly,  the 
mechanism  of  tliis  action.  AVe  may  supjiose  that  the  blood  of  the 
crayfish  contains  some  sub.stiuice  which,  by  itself,  is  insufiicient  to 
prevent  the  intoxication,  but  which  becomes  active  in  the  presence  of 
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some  other  substuiice,  also  iiicflRcacious  by  itself,  met  with  in  the 
organism  of  the  mouse.  Here  we  should  have  Bomething  analogous 
to  what  is  met  ^ith  in  imnniuity  against  micro-organisms  where  both 
fixatives  and  cytases  intervene  t<^>  bring  about  tlie  destruction  of 
niiero-organisnis.  By  making  researches  in  vitro  on  the  action  of 
the  fluids  on  bacteria,  we  may  easily  observe  certain  phenomena 
which  ajipear  to  indicate  their  direct  influence.  Take  the  case  of 
the  fluid  of  an  oedema  from  an  animal  vaccinated  against  the  cholera 
vibrio  which  renders  this  micro-organism  niotionlcss  and  agglutinates 
it  in  vitro  ;  the  oedema  of  an  un  vaccinated  animal  produces  no 
such  effect  If,  however,  we  were  to  conclude  fi'om  this  fact  that,  in 
the  oedema  of  the  living  animal  or  in  its  subcutaneous  tissue,  every- 
thing goes  on  as  in  the  te>ft  tube  and  that  no  other  phenomenon  of 
reaction  against  the  vibrios  is  produced,  we  should  fall  into  a  grave 
error.  It  is  extremely  probable  that,  in  the  resistance  of  the  li\ing 
(inintal  against  the  toxins,  the  phenomena  are  more  conij^licated  than 
are  those  observed  in  vitro.  The  example  of  the  blood  of  the  cray- 
fish which  prevents  tlie  poisoning  of  the  mouse,  without  having  any 
influence  on  that  of  the  cniyfish  itself  may  here  serve  as  a  guide  to 
us.  It  is  possible  that,  as  in  the  stniggle  against  the  micro-organisms, 
we  have  here  a  co-operation  of  two  substances,  each  one  of  which, 
by  itself,  is  inactive.  One  of  these  substances  would  be  found  pre-  [38G] 
existent  in  the  blood  of  the  crayfish,  the  other  forming  part  of  the 
organism  of  the  movisc.  Perhaps  the  action  of  this  blootl  is  even 
more  coni])licated  and  only  becomes  active  through  the  mediation  of 
some  constituent  of  the  living  cell. 

Our  study  of  immunity  against  toxins  long  ago  revealed  cases  in 
which  this  resistance  cannot  be  attributed  simply  to  the  antitoxic 
action  of  the  body  fluids.  Animals  vaccinated  against  living  micro- 
organisms may  succumb  to  infection  in  spite  of  the  presence  of  a 
strong  an ti -infective  power  of  the  body  fluids  ;  similarly  animals 
imnumised  against  toxins  may  die  from  intoxication  in  spite  of  the 
antitoxins  contained  in  their  fluids.  Facts  of  this  order  are  not  rare. 
Roux  and  Vaillard^  on  several  occasions  observed  animals  which  died 
from  tetanus  althougli  tiiey  had  a  large  supply  of  antitoxin  in  their 
blood.     Von   Behring-  and  his  eollaboratore,  Knorr,  Kunsom,  and 

»  Ann.  dé  rintt.  Patteur,  riiris,  1893,  t.  vii,  p.  98, 

*  DeuUdiê  med.  IVchntcki:,  Leipzig,  189.%  8.  1'263  ;  "AUgcmeino  Tlicrupif  ilor 
In/oetlonBkniTikht'iten  "  in  Eukiiburg  u.  Saiuutl's  "  Lelirb.  A  aJlg.  Thérapie,"  Berlin 
n.  Wien,  189y,  Bd.  ui,  8.  1051. 
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Kitashima.  also  collected  a  large  number  of  analogous  fact?.    Tliey 
sliowed  that  horsjes  that   liave  been  treated  for  a  long  time  with 
tetamia  toxin  and  whose  blood  serum  is  very  antitoxic,  still  experience 
marked  illness  after  fresh  injections  of  toxin  and  may  even  succumb, 
in  spite  of  the  presence  of  a  large  amount  of  antitoxin  in  their  bloo<l. 
In  these  cases  the  morbid  phenomena  are  undoubtedly  different  from 
tliose  typical  of  tetanus.    Instead  of  the  muscular  contractions  which 
cliaracterise  this  disease,  the  above  observers  noted  disturbance  in 
the  regulation  of   the  body  temperature,  exudative  inflammation  fl 
around  the  point  of  inoculation,  impairment  of  appetite  and  fall  of 
body  wciglit    Sometimes  they  observed  muscular  tremors  and  marked  j 
feebleness  in  the  movements.     These  symptoms  differing  from  those  fl 
of  typical  tetanus,  it  may  be  asked  whether  this  poisoning  is  not  due 
to  special  substatjces  other  than  tetanus  toxin  in  the  fluids  injected. 
Von  Beliring  does  not  think  that  this  is  the  case,  for  he  found  that 
by  adding  antitetanus  serum  the  formation  of  exudations  at  the  seat 
of  inoculation  wiw  suppressed.     Tliese  exudations,   then,   must  be  J 
attributed  to  the  tetanus  toxin.  ■ 

In  tlie  cases  where  animals  immunised  against  diphtheria  toxin 
fall  ill  and  even  die  as  the  result  of  fresh  injections  of  toxin,  in  spite 
[387] of  the  presence  of  a  large  quantity  of  antitoxin  in  their  blood,  we' 
might  also  cast  doubts  on  the  diphtheritic  character  of  the  poisoning, 
because  the  clinical  picture  of  this  poisoning  is  not  a  verj'  typical  one. 
At  the  Pasteur  Institute,  where  a  large  supply  of  antidipbtheria 
serum  is  prei)ared,  we  see,  from  time  to  time,  horses,  which  have  long 
been  undergoing  the  process  of  immunisation  and  are  furnishing  a 
very  good  serum,  suddenly  fall  ill  and  die  from  intoxication,  without 
presenting  any  symptom  of  infective  disease.    On  one  occasion,  there 
was  actually  quite  a  small  epidemic  of  fatal  poisonings  as  the  result 
of  the  injection  of  a  quantity  of  diphtheria  toxin  not  exceeding  the      i 
doses  which  had  been  well  borne  previously.     Amongst  the  horses,  H 
inoculated  with  the  same  toxin,  five  of  the  best  furnishers  of  serum  ^ 
died.    The  others,  some  of  Avhich  were  producing  only  a  weak  serum, 
remained  unaffected. 

Von  Behring  and  Kitasbima'^  have  given  a  detailed  history  of  aj 
young  horse  which  bad  become  very  susceptible  as  the  result  of 
vaccmation  with  diphtheria  toxin.    It  finally  succumbed  to  the  intoxi-j 
cation  in  spite  of  the  presence  of  diphtheria  antitoxin  in  its  blood. 

If,  in  tliese  exuini>le8,  we  have  any  reason  to  doubt  the  specific 
'  Btrl.  fditu  Wchntciir.,  1901,  S.  157. 


nature  of  thé  intoxication,  all  doubt  must  ffive  May  before  the  case 
described  by  Brieger^  One  of  his  goats,  well-inirauni!?ed  with  tetanus 
toxin,  which,  for  months,  had  furnished  a  good  serum  and  even  an 
antitetanus  milk,  after  an  injection,  stronger  than  tlie  preceding  ones, 
was  seized  with  tetanic  contractions.  These,  becoming  general, 
brought  about  tlic  death  of  the  animal  with  the  symptoms  of  classic 
tetanus.  The  blood,  drawn  ofl' after  death,  exhibited  strong  antitoxic 
power. 

As  the  result  of  these  observations  von  Behring  formulated  the 
theory  of  a  hypei-susceptibility  acquired  during  immunisation.  "  Para- 
doxical as  it  may  appear,"  he  writes-,  "tlierc  can  uo  longer  exist 
any  doubt  that  horses  which  have  acquired  a  hii;li  imnumity  us  the 
result  of  treatment  with  tetanus  toxin,  pressent  a  histogenic  hyper- 
(!U!«:eptibility  of  the  organs  which  react  against  the  tetanus  toxin." 
In  support  of  this  thesis  von  Behring  compares  the  effect  produce<l 
by  this  toxin  on  horses  immunised  with  this  same  poison  and  on 
normal  horses  treated  with  antitoxic  serum  from  other  horses.  The 
former,  in  spite  of  the  fact  that  tliey  contain  in  their  blood  1,500  times  [388] 
more  antitoxin  than  do  the  latter,  are,  nevertheless,  less  refi-actory 
to  tetanus  toxin.  This  feeble  resistance  is  due,  in  von  Behring's 
opinion,  to  the  much  greater  susceptibility  of  the  living  elements  in 
the  horses  treated  with  repeated  doses  of  the  poison. 

Von  Behring's  theory  of  this  form  of  acquired  specific  hyper- 
susceptibility  has  been  confirmed  by  several  well-observed  facts. 
These  show  that,  in  the  animal  subjected  to  treatment  by  toxins, 
phenomena  of  very  diverse  order  are  evolved  simultaneously  :  on  the 
one  hand,  cell  reactions  which  bring  about  the  production  of  anti- 
toxins ;  on  the  other,  an  increase  in  the  susceptibility  of  some  of  the 
living  elements  to  the  specific  poison.  We  are,  however,  justified 
in  asking  if  the  grcat  difference  between  the  inununity  of  animals 
trcsited  with  toxin,  and  that  of  others  treated  with  antitoxic  serum, 
can  be  altogether  attributed  to  this  hypcrsusceptibility? 

Let  us  examine  in  a  little  more  detiiil  some  examples  of  this 
hypcrsusceptibility.  We  know  that  tiie  guinea-pig  is  characterised 
by  its  great  natural  susceptibility  to  the  toxins  of  tetanus  and  diph- 
theria. Small  doses  of  these  poisons  are  quite  sufficient  to  protluce 
in  it  a  fatal  intoxication.    But  it  is  possible  to  diminish  greatly  this 

»  Zlm'hr.f.  Ilyg^  Leipzig,  1895,  Bd.  xix,  8.  109. 

*  "Allgcmeine  Thorapio  der  InfectionskranklieiteD,"  in  Eulenbarg  u.  Saiuiiol't 
"Lehrb.  d.  «llg.  Thérapie,"  Berlin  u.  Wiun,  18'jy,  BH.  in. 
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feeble  resistance  of  the  guinea-pig  by  frequent  injections  of  very 
small  quantities  of  toxin.  Knorr^  increased  their  susceptibility  to 
tetanus  toxin  by  daily  injections  of  one-tenth  of  a  minimal  lethal 
dose.  The  animals  died  before  they  had  received  the  ten  tenths  of 
this  dose.  The  hypereusceptibility  produced  under  these  conditioas 
might  be  so  great  tliat  one-fiftieth  of  the  minimal  lethal  dose  was 
capable  of  causing  death.  From  these  facts  we  can  miderstaiul 
the  great  difficulty  experienced  in  the  earlier  attempts  to  vaccinate 
guinea-pigs  by  means  of  iinmodified  toxin. 

Von  Behring  and  Kitaslunia"  made  analogous  researches  on  the 
susceptibility  of  guinea-pigs  to  diphtheria  toxin.  By  frequent  in- 
jections of  very  small  doses  of  this  poison  they  succeeded  in  killing 
these  animals  with  ^iVû  of  the  niitiimal  letlial  dose  distrthuled  oi'rr 
several  injections.  Tliey  never  succeeded  in  vaccinating  guinea-pigs 
with  increasing  doses  of  pure  diphtlieria  toxin.  Their  animals  died 
even  when  they  commenced  with  oue-millionth  of  the  minimal  letha 
dose. 

[389]  Here,  then,  we  have  examples  of  the  greatest  hypersusceptibility 
that  it  is  possible  to  observe.  When  we  compare  it  with 
changes  in  the  antitoxic  power  of  the  blood,  we  find  that  these 
even  more  marked.  Thus,  Salomonsen  and  Madsen's  horse,  to  whicli 
we  have  already  referred,  presented  extraordinary  oscillations  in  thi» 
power.  After  receiving,  during  the  course  of  immunisation,  a  fresli 
dose  of  diplitheria  toxin,  the  antitoxic  value  of  its  blood  8ud<leuly  fell 
more  than  one-third  (.35  °/,).  In  order  to  neutralise,  completely,  this 
ilose  of  toxin,  when  injected  into  a  normal  animal  mixe«l  with  anti- 
toxic serum  from  this  same  horse,  a  very  small  quantity  of  the  blood 
of  the  latter  would  have  been  sufficient.  Tlie  injection  into  the 
immunised  horse  should  have  passed  unpcrceived,  as  this  animal 
contained  in  its  body  more  than  50  litres  of  strongly  antitoxic  bloml. 
Nevertheless  the  antitoxic  power  of  this  blood  fell  12,000  times 
more  than  it  ought  to  have  fallen  according  to  the  calculation  made 
upon  the  datit  just  indicated.  This  fall  is  incomparably  greater  than 
the  increase  of  susceptibility  to  toxin  in  the  most  signilicaut  examples 
reproduced  above. 

As  the  fact  above  cited  is  not  at  all  unique,  it  is  probable  tba 
the  phenomena  which  appear  in  the  animal  subjected  to  vaccination' 

^  "£x2>criniciitc1lo  Untersucliungen  iibcr  dio  Greazeu  der  HeilungsHJOglichke 
do«  Tetiimis,"  Marburg,  1895,  SS.  18,  19. 
^  Bed.  kUn.  U\h>ischt\,  1901,  S.  157. 
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bfjr  toxins,  must  be  much  more  complicated  than  is  asually  sup- 
posed. If  the  fresh  injections  of  these  poisons  bring  about  a 
specific  hypoif^iiâitiveness  on  the  one  hand,  and  on  the  otlier  a  great 
fall  in  antitoxic  power,  followed  by  its  still  more  notable  augmentation, 
it  18  evident  that  the  introduction  of  toxins  must  give  rise  to  a  greiit 
perturbiitiou  in  the  cell  fiuictions.  The  general  analogy  between 
acquired  immunity  against  micro-orgiuiisms  and  against  toxins  pro- 
bably rests  on  similar  bases.  Kretz'  has  already  advanced  tlie 
hypothesis  that,  in  antitoxic  action,  two  factors,  comparable  to  the 
cytasea  and  fixatives  in  the  antimicrobial  action,  co-operate.  In  the 
absence  of  one  of  these  elements  we  can  understand  that  the  one 
which  remains  may  be  incapable  of  bringing  about  the  ncutralistitiuu 
of  the  toxin.  For  this  reason  the  antitoxic  serum  may  act  very 
differently  in  the  organism  of  the  animal  which  produces  it  and  in 
that  of  a  normal  animal  which  receives  it.  An  explanation  which  is 
adequate  for  the  antitoxic  action  of  the  blood  of  the  crayfish  injected 
into  mice  !»erves  equally  well  in  the  case  of  the  antitoxic  influence  [390] 
of  the  scrums  of  animals  which  themselves  succumb  to  intoxication. 

Wassermann's^  expérimenta  on  the  antjcytase  serums  might 
appear  to  supply  an  argument  against  the  hypothesis  we  are  de- 
fending. Having  shown  that  animals  injected  with  antityphoid  serum 
die  of  intoxication  when  serum  which  prevents  the  action  of  the 
cytases  is  introduced  simultaneously,  Wasserraaim  put  the  question  : 
May  not  the  actiou  of  the  antitoxins  be  prevented  by  this  same  anti- 
cjtase  serum?  To  solve  this  point  he  injected  into  guinea-pigs  a 
mixture  of  antidiphthcria  serum  with  toxin  in  excess  and  a  fairly 
strong  dose  (3  c.c.)  of  anticytstse  senim,  upon  Mhich  we  have  already' 
spoken  (see  Chapter  VII).  The  animals,  so  treated,  behaved  exactly 
•9  did  the  animals  used  for  control  which  received  the  same 
quantities  of  antitoxin  and  toxin  but  without  the  addition  of  anti- 
eytase  serum.  Wassermaun  concludes  from  these  experiments  that 
the  exchision  of  the  cytase,  contrary  to  what  takes  place  with  anti- 
microbial serums,  in  no  way  impedes  the  action  of  the  antitoxins. 
This  conclusion,  which  appears  at  first  sight  to  be  justified,  cannot, 
however,  be  accepted,  as  the  two  examples  chcjsen  by  Watwermann, 
typhoid  infection  and  diphtheria  intoxication,  differ  ver)'  profoundly 
from  each  other.  In  the  former,  wo  bare  an  experimental  typhoid 
peritonitis  which   kills  the  control  animals  in  less  than  24  hours, 

>  ZUdir.f.  llcilk.,  Berliu,  1901,  Bil.  xxjr,  S.  I. 
*  Zttchr./.  Jlijrj.,  Leipïig,  laoi,  lid.  xjutvxx,  8.  194. 
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whilst  the  second  is  diplitheria  in  wliich  the  controls  do  not  succnmb 
until  the  sixth  day  after  injection.  The  effect  of  the  anticytase 
serum  being  only  very  transitory,  it  is  quite  natural  that  this  should 
manifest  itself  in  an  infection  of  short  duration  and  should  not  do  so 
in  a  slow  intoxication.  Besides,  Wassermann  himself  has  shown  that 
in  several  other  cases  of  immunity  against  micro-organisms  (the  bacilli 
of  influenza  and  of  leprosy)  the  injection  of  his  anticytase  serums  does 
not  interfere  with  the  perfect  resistance  of  the  animals.  But  even 
were  it  deniuustrated  that  the  cytases  really  play  no  part  in  immunity 
against  toxins,  the  intervention  of  some  other  similar  factor  could 
always  be  evoked. 

The  analogy  between  immunity  against  micro-organisms  and  that 
against  toxins  may  fiicilitate  the  study  of  the  relations  between  the 
latter  and  the  antitoxic  power  of  the  body  fluids.  In  the  precedii 
[391]  chapters  we  have  described  examples  iu  which  animals  possess 
protective  power  in  their  blood  but  are  not  reft-actory  to  the  corre- 
sponding infection  ;  on  the  other  hand,  we  have  cited  cases  in  which 
acquired  antimicrobial  immunity  exists  without  the  blood  presenting 
any  appreciable  protective  power.  The  idea  of  measuring  acquired 
immunity  against  micro-organisms  by  the  raeasureraent  of  the  pro- 
tective or  agglutinative  power  of  the  blood  must  therefore  be 
abandoned,  and  it  is  impossible  to  regard  immunity  against  toxins 
as  a  function  of  the  antitoxic  property  of  the  body  fluids.  As  we 
have  seen,  animals  completely  rcfnictory  to  teUmus,  such  as  tlio 
cayman,  whose  immunity  does  not  depend  on  the  antitetanic  power  of 
the  blood,  develop  antitoxin  after  the  injection  of  toxin.  A  similar 
state  of  atfiiirs,  but  less  pronounced,  has  been  demonstrated  bj^^ 
Vaillard  as  occurring  in  the  fowl.  The  fowl,  in  spite  of  its  vei|H 
marked  natural  immunity  against  tetanus,  produces  antitetanin  as  the 
result  of  the  introduction  into  its  body  of  tetanus  toxin  ;  tiie  rabbit» 
on  the  other  hand,  a  susceptible  animal,  may  acquire  a  real  immunity 
without  the  development  of  any  antitoxic  power  in  its  fluids.  An 
additional  fact  was  noted  by  Vaillard'.  He  showed  that  the  repeated 
inoculation  of  tetanus  spores  along  with  a  small  quantity  of  lactic 
acid,  made  below  the  skin  of  the  tail  of  rabbits  procured  for  them  an 
immunity  against  tetanus  toxin,  although  no  antitoxic  property  aj 
I>eared  iu  their  blood.  In  his  experiments,  one  hundred  volumes 
blood  serum  were  found  to  be  incapable  of  neutralising  a  siuf 
minimal  lethal  dose  of  the  toxin.  The  rabbit,  however,  still  rema 
*  Compt.  refid.  Soe.  de  biol.,  Paris,  ISUl,  p.  464. 
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quite  capable  of  developing  antitetanic  power  in  its  fluids.  All  that 
h  necessary  is  to  inject  into  it  some  tetanus  toxin  heated  to  60°  C.  or 
treated  with  Lugol's  iodo-ioduretted  solution.  As  the  outcome  of  his 
researches  Yaillard  concludes  that  the  antitoxic  property  of  the  body 
fluids  "is  not  sufficient... for  the  general  interpretation  of  acquired 
immunity,  as  it  cannot  be  demonstrated  in  all  animals  which  have 
become  refractory." 

The  facts  I  have  just  mentioned  were  demonstrated  early  in  our 
study  of  the  antitoxic  power  of  the  animal  organism.  Since  then  a 
large  number  of  analogous  data  have  been  collected.  Recently,  von 
Behring  and  Kitashima^  have  had  to  abandon  the  immunisation  of 
monkeys  against  diphtheria  toxin  because  of  the  poor  yield  in  anti-  [392] 
toxin  which  they  obtained.  The  blood  of  one  of  their  monkeys  that 
had  acquired  a  resisting  power  against  very  large  doses  of  diphtheria 
toxin  showed  only  a  very  moderate  antitoxic  power.  In  establish- 
ments where  antitoxic  serums  are  prepared  on  a  large  scale  the 
workers  have  become  convinced  that  the  yield  of  antitoxin  has  no 
direct  constant  ratio  to  the  immunity  of  the  animal.  This  has  been 
demonstrated  repeatedly  at  the  stables  of  the  Pasteur  Institute. 
Thus,  of  two  horses,  treated  at  the  same  time  and  in  exactly  the 
same  way  with  diphtheria  toxin,  one  furnished  a  very  good  antitoxic 
serum  which  was  maintained  at  200  units  Ehrlich,  rising  up  to  400 
units,  whilst  the  other  never  reached  150  units^  And  yet  both  these 
animals  possessed  the  same  immunity  against  diphtheria  toxin.  They 
tolerate  considerable  doses  of  toxin  and  react  merely  by  a  slight  or 
insignificant  rise  in  temperature.  In  another  series  of  horses,  which 
have  been  immunised  for  nearly  seven  years,  one  remained  capable  of 
yielding  a  large  quantity  of  antitoxin,  seeing  that  the  value  of  its 

I  Berlin  klin.  Wchnsehr.,  1901,  S.  157.  The  idea  of  immunising  monkeys  against 
diphtheria  was  snggested  to  von  Behring  by  the  fact  that  the  immunity  conferred  by 
serums  was  the  more  durable  the  nearer  the  relation  between  the  serum  used  and 
the  blood  of  the  species  which  receives  the  protective  injection.  Von  Behring 
supposed  tliat  the  diphtheria  antitoxin,  introduced  into  the  human  body,  would  be 
maintained  there  longer,  if  the  antitoxic  serum  injected  came  from  monkeys,  species 
much  nearer  man  than  is  the  horse,  the  usual  source  of  antidiphtheria  serum.  The 
immunity  conferred  by  this  horse  serum  is  generally  of  very  short  duration. 

^  Ehrlich's  antitoxic  unit  is  adopted  by  most  investigators  not  only  in  Germany, 
but  also  in  other  countries.  This  unit  corresponds  to  1  c.c.  of  scrum  capable  of 
neutralising  100  lethal  doses  of  a  standard  toxin,  i.e.  that  used  to  establish  the  first 
standard  of  antitoxin.  The  serum  must  be  injected  after  being  mixed  in  vitro  with 
the  toxin.  The  neutralisation  must  be  complete  and  give  rise  to  no  symptom  of 
intoxication. 
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serum  oscillated  between  200  and  300  units.  After  fiye  years  of  tliis 
state  of  things  the  antitoxic  iwwer  began  to  fall  considerably,  with- 
out, however,  any  corresponding  loss  of  immunity.  Indee<l,  an 
injection  of  2i>0  c.c.  of  toxin  (of  which  0"002  cc.  was  sufficient  to  kill 
a  guinea-pig)  began,  at  the  commencement  of  the  present  year,  to  bo 
borne  without  the  least  febrile  reaction.  An  attempt  was  made  to 
raise  the  antitoxic  jwwer  of  tlie  blood  by  making  intravenous  in- 
jections of  toxin  and  of  diphtlieria  culture,  but  iu  vain.  The  yield  of 
antitoxin  continued  t<j  fall  and  it  became  necessary  to  employ  this 
hoi-se  for  another  purpose  tli:m  the  preparation  of  antidiphtheria 
serum.  This  is  by  no  means  an  isolated  example.  Of  a  large  number 
[393]  of  treated  horees  it  frequently  happens  that  certain  individuals,  with- 
out being  particularly  nusceptible  to  a  given  toxin,  are  found  to  be 
incapable  of  producing  any  corresponding  antitoxin'. 

In  presence  of  the  fact  that  animals  very  resistant  to  toxins  may 
possess  no,  or  only  an  insignificant  antitoxic  power  in  their  fluids, 
and  that,  on  the  other  hand,  animals  in  which  this  property  is 
highly  developed  may  succund>  to  intoxication,  it  may  l)e  readily 
understood  that  ininninity  agsiinst  toxins  and  the  antitoxic  power 
of  the  body  fluids  may  be  two  distinct  conditions.  Vou  Behring 
has  clearly  demonstrated  the  fact  of  the  cellular  hyi>er8ensitive- 
ness  of  the  animal  immunised  against  the  corresponding  toxia 
and  has  laid  gi-eat  stress  upon  this  fact.  He  came-  to  the  con- 
clusion that  "the  immunity  of  the  tissues  and  the  prtnluction  of 
autittixin  follow  a  pamllel  course  in  their  development  so  slightly 
that,  iu  spite  of  an  abundant  accumulation  of  antitoxin,  the  suscepti- 
bility of  the  elements  of  the  tissues  may  increase  in  an  extraordinary 
fashion."  If,  during  the  course  of  immunisation,  this  susceptibility 
can  increiu?e  so  greatly,  it  is  probable  <i  priori  that  under  certain 
circumstances  it  might  also  diminish  notably.  After  demonstrating 
"that  in  time  the  antitoxin  disappears  from  the  blood  of  animals 
immunised  with  toxins  without  any  consequent  disappearance  of 
immunity,'  von  Behring  fonnulated  the  conclusion  that  in  these 
animals  "the  living  elements  of  the  animal,  which  were  previously 
susceptible  to  the  poisons,  have  acquired  an  insusceptibility  towards 
the  same  substances.'  This  result  fully  accords  with  the  facts  of  the 
change   of   the  negative  chemiotiixis  of  phagocytes  into  positive 

'  These  olNH-rv:itiona  were  communiciited  tn  me  by  M.  Prerdt,  the  director  of  the 
Mrotlierap«utic  gtation  afthe  Posleur  Inatititte  at  GarcLes. 
»  Deutsche  nud.  Wchutchr.,  Leipzig,  18t)3,  SS.  1253,  1254. 
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cherniuUixis  for  micro-organisms  duriug  the  acquisition  of  anti-in- 
fective immunity. 

Later,  von  Behring^  changed  his  opinion.  Wliilst  atill  accepting 
the  change  of  cellular  susceptibility  in  the  direction  of  hj^jjersenei- 
tiveuess  in  aoimals  immunised  agxdnst  toxins,  be  refused  to  admit 
tlie  change  in  the  opiwsite  direction.  The  cells,  acconiing  to  him, 
never  lose  any  of  their  susceptibility,  so  that  acquired  immmiity 
against  toxins  cannot  be  obtidned  otherwise  than  by  means  of[:<w] 
antitoxins  capable  of  neutnilising  the  [)oison  in  a  susceptible  or 
bypersusceptible  animal.  This  new  theory  von  Behring  upheld 
in  several  papers  and  it  is  met  witli  in  his  most  recent  publications. 
Nevertheless,  certain  M'ell-established  facts  compel  us  to  accept  an 
immumty  against  to.xins  as  coming  about  as  the  result  of  a  diminu- 
tion of  the  susceptibility  of  the  vaccinated  animal.  Parallel  with  his 
researches  on  the  increase  of  the  susceptibility  of  guinea-pigs  to 
tetanus  toxin,  researches  discussed  above,  Knorr-  describes  analogous 
experiments  on  rabbits,  \Yhen  these  animals  are  injected  with 
fractious  of  the  minimal  lethal  dose,  frequently  rei>eated,  the 
rabbit  not  only  does  not  become  hypersusceptible  to  tetanus  but 
exhibits  a  greater  and  gi-e^itor  insusceptibility.  Whilst  guinea- 
pigs,  treated  according  to  this  method,  die  from  tettiuus  before 
they  have  reached  the  minimal  lethal  dose,  rabbits,  as  the  result  of 
fretjuent  injections  of  small  quantities  of  tetanus  toxin,  become 
capable  of  resisting  five  times  the  lethal  dose  (for  normal  rabbits) 
without  exhibiting  the  slightest  symptom  of  illness.  Against  the 
attribution  of  this  result  Ui  the  acquired  insusceptibility  of  the  living 
animals  it  might  be  objected  that  the  immunity,  in  this  ciuse,  may 
depend  on  the  antitoxic  power  of  the  fluids  of  the  body,  developed 
with  great  rapidity.  Such  an  objection  cannot  be  raised  in  the  case 
of  horses  which  become  insusceptible  to  toxins  after  a  long  |icriod 
of  vaccination.  The  horse  whose  history  was  given  above,  when 
discuKsing  the  diminution  of  antitoxic  power,  may  serve  as  an  ex- 
ample. Ât  the  commencement  of  its  vaccinal  period,  in  1894,  it 
reacted  to  the  injection  of  10  cjc  of  diphtheria  toxin  by  a  rise  of 
temperature  of  V  C.  Four  years  later,  when  its  blood  had  become 
very  antitoxic  (350  units  per  cc),  it  was  necessary  to  inject  350  c.c. 

'  Article  "Immuinlût"  in  Eulenbunj's  ReaUncydopadUy  III«»  Aufl.,  Wien,  1H»C; 
■ee  al«o  hû  ''Allf^omeine  Therapio  J.  Infectiouskraokheiten,"  iu  Euleoburg  a- 
SMDuelB  "  Lebrb.  d.  all?.  Thcrapie,"  Berlio  u.  Wien,  1S99,  Bd.  ui,  SS.  996,  997. 

*  Op.  eit.  tupra  p.  370,  S.  19. 
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of  toxin  to  obtain  the  same  rise  of  temperature.  Quite  recently, 
having  now  lost  the  greater  part  of  its  humoral  antitoxic  power, 
this  horse  exiiibited  no  rlee  of  temperature  after  an  injection  of 
250  c.c.  of  strong  diphtheria  toxin-  The  diminution  of  the  specific 
susceptibility  is  produced  in  this  case  in  a  most  marked  fashion  ;  it 
is  not  therefore  to  the  antitoxic  proi)erty  of  the  body  fluids  that 
this  ciise  of  immunity  must  be  attributed. 

The  iuBUsceptibility  acquired  against  poisons  of  diflferent  kinds 
is  obj^erred  also  in  cases  where  the  adaptation  is  not  accompanied 
[395]  by  tiie  production  of  humoral  antitoxic  properties,  as  in  the  im- 
munity of  frogs  against  abrin.  This  form  of  immunity  may  be  traced 
tlirougli  the  organic  series  down  to  such  lowly  developed  orgauisnoa 
aij  the  Plasmodium  of  the  Myxomycètes,  which  as  we  have  seeo 
readily  becomes  adapted  to  ditt'erent  poisons  (see  Chapter  II). 

It  can  bo  clearly  seen,  then,  that  immunity  ag-ainst  toxic  sub- 
stances is  a  very  complex  plieuomenon  which  it  is  impossible  to 
reduce  simply  to  an  antitoxic  function  of  the  fluids  of  the  body. 
For  this  reason  we  cannot  accept  a  theory  which  would  confine  this 
kind  of  immunity  within  tlie  narrow  limits  of  a  simple  reaction 
between  two  substances,  a  reaction  quite  comparable  to  that  observed 
in  a  test-tube.  Attempts  have  been  made  to  determine  with  almost 
mathematical  precision  the  conditions  under  which  it  is  possible  to 
communicate  to  the  animal  a  resistance  against  microbial  toxins  and 
formulae  have  been  constructed  to  define  these  conditions.  But 
the  application  of  these  formtdae  has  been  found  to  be  a  much  more 
diJlicutt  matter,  lu  Prussia,  Avith  the  sanction  of  the  Government, 
regulations  have  been  enacted  as  to  the  procedure  to  bo  followed 
in  the  testing  of  antitoxic  serums,  and  a  paragraph  has  been  added 
whicli  recpiires  a  post-mortem  examination  of  the  guinea-pigs  em- 
ployed for  this  purpose  in  the  case  of  diphtheria  antitoxin.  "The 
dead  aaimali:!,"  says  this  insti"uctiou,  "must  be  submitted  to  a  post- 
mortem examination,  and  special  attention  must  be  directed  to  the 
presence  of  any  pre-existing  diseases  (tuberculosis,  pseudotuber- 
culosis, pneumonia)  which  may  have  imluccd  hypersusceptibility  in 
the  animals  under  experiment"  Do  we  not  see  in  tliis  a  proof  of 
the  important  interveutiou  of  the  organism  of  the  living  aiuiuial 
which  may  modify  the  results  of  calculations  based  upon  too  rigorous 
formulae?  It  must  not  be  forgotten,  too,  that  in  addition  to  the 
three  diseases  named  in  the  instructions,  we  have  a  number  of  other 
factors  which  may  influence  the  receptivity  and  the  resistance  of 


animals.  We  have  already  cited  Roux  and  Vaillard's  exi>eritneiit9 
which  demonstrated  that  even  animals  which  have  been  previously 
eobjectcd  to  vaccinal  inoculations  against  certain  micro-organisms, 
exhibit  a  hypcrsusceptibility  to  nu.\tures  of  toxins  with  antitoxiua. 

In  view,  then,  of  this  complexity  of  the  phenomena  of  acquired  im- 
munity against  toxins,  it  would  be  very  imporUint  could  we  learn 
something  of  the  nature  and  origin  of  antitoxins.  Unfortunately, 
as  we  shall  see,  these  questions  are,  as  yet,  far  from  having  received 
a  satisfactory  solution. 

Struck  by  the  fact  that  antitoxins  exert  a  specific  action  on  the 
toxin  which  has  been  employed  in  the  treatment  of  the  animals  tliat 
prtxluce  the  serum,  certain  observers  have  sought  an  explanation  on  [396j 
the  hypothesis  of  a  transformation  of  toxin  into  antitoxin.  We  have 
already  seen  that  antitoxic  action  is  not  always  absolutely  specific  ; 
we  have  serums  which  prevent  intoxication  by  various  kinds  of 
])oisons,  e.g.  antitetanus  serum,  which  is  active  against  both  tetanus 
toxin  and  snake  venom.  There  is,  however,  a  great  quantitative 
difference  between  the  influence  of  the  antitoxin  on  the  toxin  with 
wliich  tlie  animals  have  been  prepared  and  on  a  different  poison. 
Thus,  in  the  example  just  citetl,  in  order  to  neutralise  snake  venom 
it  is  necessary  to  u.se  a  much  larger  quantity  of  antitetanus  serum 
than  against  the  toxin  of  tetanus.  The  classical  example  of  the 
specific  influence  of  antitoxins  is  the  absolute  inactivity  of  anti- 
<liphtheria  serum  against  tetanus  and  the  same  non-effect  of  anti- 
tetanus serum  against  diphtheria  into.\icution.  The  most  simple 
explanation  of  this  specificity  of  action  appeared  to  be  the  sup- 
position that  each  antitoxin  contains  a  part  of  the  corresi»oniliiig 
toxin,  modified  by  the  organism  of  the  animal.  H.  Buchner'^  advo- 
cates this  hypothesis.  I  myself-  said  *'  tliat  it  is  probable  tbat 
antitoxins,  at  least  in  great  part,  represent  a  modificutiun  of  the 
toxins  prepared  by  certain  ceUs  in  the  animal  body;  tbis  product 
is  then  poured  into  the  blood."  This  view  was  stated  as  a  "  pro- 
bability" and  consequently  contains  no  aflirmation  in  the  least 
definitive.  I  was,  therefore,  quite  prepared  to  give  it  up  under 
the  weight  of  the  crushing  criticism  formulated  by  several  very 
distinguished  observers.  It  was  objected  ;  first,  that  antitoxin  is 
produced  by  animals  in  very  great  disproportion  to  the  quantity  of 
toxin  they  have  received  ;  secondly,  that  tiie  animals  which  re<.'cive 

•  AluHche».  med.  Wchntchr.,  1893,  8.  380. 

>  ••  Immunitât"  in  Weyl's  "  llandbuch  der  Hygiene,"  Jena,  1897,  Bd.  vs.,  8.  48, 
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an  injection  of  antitoxin  eltmiriate  it  from  their  body  much  more 
rapidly  than  do  those  which  prepare  it  in  their  own  body;  thirdly, 
that  antitoxins  are  sometimes  found  in  the  blood  of  healthy  animals» 
who  have  had  no  attack  of  the  disease  nor  any  injection  of  the 
specific  toxin.  Let  us  examine  these  objections  more  closely,  ob- 
jections all  based  on  well-established  facts. 

It  has  been  shown  that  the  antitoxin  produced  by  tlie  animal  is 
sufficient  to  neutralise  a  quantity  of  toxin  mucli  greater  than  that 
wliicli  was  injected  into  the  animals  supplying  the  antitoxic  serum. 
[397]  Knorr',  from  his  cxi>erimente,  calculated  that  a  liorse  reacts  to  one 
unit  of  toxin  by  the  production  of  100,OUU  units  of  antitoxin.  This 
statement  certainly  does  not  allow  us  to  affirm  that  all  the  antitoxin 
corresponds  to  toxin,  but  it  does  not  eliminate  the  possibility  that 
toxin,  subjected  to  the  influence  of  tlic  cells  of  the  animal  body, 
may  be  found,  in  a  modified  form,  in  the  product  of  these  elements. 
This  hyjwthesis  would  be  quite  sufficient  to  explain  the  very  remark- 
able s[H.'eificity  of  antitoxins. 

If  the  toxin,  in  order  to  be  modified  by  the  living  cells,  must  be 
subjected  to  some  special  action  on  the  part  of  the  latter,  we  can 
reiulily  \uiderstand  that  this  process  must  demand  a  greater  or  less 
length  of  time;  this  would  lead  to  a  much  slower  elimination  of 
the  antitoxin  than  in  the  case  where  it  liud  been  injected,  ready 
prepared,  into  a  normal  animal.  From  the  commencement  of  hia 
researches  on  inimuitity  against  poisons,  Elirlich*  distinguishes  two 
kinds  of  this  immunity,  an  active  imvmnlli;  which  is  obtained  as 
the  result  of  the  introduction  of  toxins  into  the  animal,  and  a 
pasitivc  immnniti/,  another  form  of  the  refractory  condition  wliich  is 
set  up  by  the  injection  of  antitoxic  serum  formed  in  the  actively 
innnunised  animal.  Von  Behring''  ai>plies  the  term  iaopathic  im- 
munity to  active  inmiunity,  and  to  passive  immunity  that  of  antitoxic 
immunity.  It  is  geiicriilly  admitted  that  the  first  kind  of  immunity 
is  more  slowly  acquired,  but  that  it  pei-sists  for  a  much  longer  period 
than  the  second  (passive  or  antitoxic  immunity)  which  is  acquire<l 
immediately  after  the  introduction  of  the  antitoxin,  but  which,  on 
the  other  hand,  lasts  for  a  short  time  only.  This  view  is  supported 
by  numerous  observations  on  the  very  rapid  disappearance  of  the 

»  Miinclkm.  med.  Wchnschr.,  1898,  p.  321. 

•  DeiUache  med.  WcJinschr^  Leipzig,  1891,  88.  976,  1218;  [ZUchr.  f.  Hyg^ 
Leipzig,  1S92,  Bd.  X!l,  8.  183]. 

^  "  Alljjecneine  Tbcrapie  der  Inrectionskrankheitcn  "  in  Eulenburg  n.  Samuel's 
"Lobrbucb  der  allgenieiue  Thérapie,"  Ltirlin  u.  Wieu,  159!^,  Ld.  lu,  8.  997. 
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refractory  condition.  According  to  von  Behring  the  great  difference 
in  tiic  (luratiuu  of  the  isoputhic  and  antitoxic  inimunitics  is  only  an 
apparent  one.  It  is  due  to  tlie  fact  that  antitoxins  are  usually 
introduced  along  with  the  serum  of  tlifterent  species  which  sets  up 
u  strong  réaction  and  is  nipiiUy  eliminated  from  the  animal.  Thus 
the  antitoxic  semm  of  the  horse  is  usually  injecteii  into  small 
animals  such  as  guinea-pigs,  rabbits,  and  mice.  When,  liowever, 
von  Bcliring  injected  liorses  with  antitoxic  serums  from  other  horees,  [398] 
the  antitoxic  immunity  lasted  almost  as  long  as  in  animals  vaccinated 
with  toxins.  Ransom^  has  develoiRid  tiiis  thesis  in  a  worit  anricd  otit 
in  von  Behrings  Institute  at  Marburg,  and  supiiorts  it  by  compara- 
tive researches  which  demonstrate  the  more  rapid  disappearance  of 
the  antitoxin  wlien  introduced  witli  the  scrum  of  a  different  sjiecies 
than  when  inti"oduced  with  that  of  the  same  species. 

Even  should  we  accept  the  current  view  on  the  greater  duration 
of  the  antitoxic  power  of  the  blood  in  isojmthic  immunitj',  the  hypo- 
thesis of  the  transformation  of  toxin  by  the  cells  of  the  animal  is 
not  necessarily  invalidated.  If  a  part  of  the  toxin  introduced  into 
the  animal  remains  stored  for  some  time  in  an  organ  it  is  evident 
tliat  only  gradually  can  it  be  suljjected  to  the  transforming  action 
of  the  cells.  It  is  impossible,  in  the  present  state  of  our  knowledge, 
to  demonstrate  this  proposition,  but  we  may  invoke  in  its  favour  tho 
prolonged  persistence  of  red  blood  corpuscles  when  introduced  into 
the  body  of  a  different  species  of  animal!  (see  Chapter  TV).  These 
corpuscles  are  in  the  end  always  completely  digested  but  the  process 
is  of  long  duration. 

The  same  hypothesis  will  also  explain  a  lact,  firat  demonstrated 
by  Roux  and  Vaillard^.  They  have  showji  that  after  repeated  bleed- 
ings of  rabbits  innuunise<l  against  tetanus,  the  antitoxic  property 
of  the  blood  was  soon  mised  to  almost  the  same  value  as  before. 
Salomonsen  an<l  Madsen^  have  confirmed  the  fact  of  the  regene- 
ration of  antitoxin  after  the  bleeding  of  their  animals  (horses  and 
goats)  immunised  against  diphtheria.  Those  authors  who  do  not 
accept  the  possibility  of  the  transformation  of  toxins  in  the  production 
of  antitoxins,  regard  these  facts  as  alwolutely  incompatible  with  the 
bytHithesis  which  they  attack.     Thus,  Weigert*  considers  that  the 


>  Joum.  Piith.  and  BaeUriol.,  Edin.  and  London,  1000,  Vol  yt,  p.  180. 

*  Ann.  lU  I'Inil.  Panleur,  Paris,  1893,  t  Til,  p.  82. 
»  Ann.J«  I'Imt.  Pattsur,  Parin,  1898,  t.  xil,  p.  703. 

*  Op.  cil,  nipra,  p.  3oa,  rv  Jahrg,,  8.  122, 
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regeneration  of  aiititoxin  after  bleeding  can  only  be  undentood 
by  accepting  that  antitoxin,  like  the  blood,  may  be  reproduced  in 
the  actively  iniiuuiiiscd  animal  without  any  fresh  introduction  é 
toxin.  It  is,  however,  just  as  simple,  we  think,  to  eiqpUin  the  bet 
in  question  by  tlie  hypothesis  of  a  provision  of  toxin  stared  op  in 
[399]  certain  cells.  This  also  is  sufficient  explanation  of  another  obaem- 
tion  made  by  Saloniousen  and  Madscu^  who  showed  that  pilocarpin 
is  capable  of  augmenting  the  production  of  antitoxin.  Since  it  k 
the  living  cells  which  truusform  the  toxin  and  excrete  the  antitoxiii, 
it  is  quite  natui-al  to  Buppose  that  every  factor  which  stimulates  odl 
function  may  be  cjvpabic  of  causing  au  increase  of  the  product  trans- 
formed by  the  cells. 

The  third  argument  invoked  against  the  possibility  of  the  trans- 
formation of  toxins  into  antitoxins  is  based  on  the  fact  that  tbe 
serum  of  normal  hordes  has  sometimes  a  certain  degree  of  antitoxic 
power  against  diphtheria  toxin.  The  horses  have  never  soffenid 
from  diphtheria,  therefoi'e  the  antidiphthcriu  of  their  blood  bat 
nothing  to  do  with  diphtheria  toxin.  It  is  not  known  why  the 
blood  serum  of  certain  untreated  horees  is  from  the  first  active 
against  diphtheria  toxin,  whilst  that  of  others  exerts  absolutely  no 
action  on  the  same  poison.  We  know  only  that  this  property  id  &t 
from  being  constant  in  tho  equine  speuies.  Perhaps  it  is  acquired 
as  the  result  of  the  pcnetnitiou  into  the  animal  of  some  pseodo*! 
diphtheria  bacillus,  whose  frequency  and  number  are  very  greaL^ 
In  order  that  the  microbial  products  may  give  rise  to  the  formatioa 
of  antibodies,  it  is  not  at  all  necessary  that  the  micro-organiama  , 
should  produce  an  evident  disease.  Thus,  to  cite  one  example  onljfjH 
Foerster-  observed  a  considerable  agglutinative  power  against  th^' 
typhoid  cocco-bacillus  in  the  serum  of  a  child  which  was  found 
living  among  a  family  of  typhoid  patients  but  which,  itself,  pt 
«rented  no  morbid  symptom. 

The  criticism,  directed  against  the  hypothesis  that  modified  to3 
enters  into  the  production  of  antitoxin,  may  not  be  sufficient  to  show 
the  incorrectness  of  this  view  ;  it  does  not  follow,  however,  that 
view  is  right   In  the  present  state  of  our  knowledge  it  is  impossible 
solve  the  problem  definitely,  and  as  the  hypothesis  of  trausformatic 
gives  \iB  the  best  idea  of  tho  specificity  of  the  action  of  antitoxins 
it  has  a  right  to  be  taken  into  consideration  as  much  as  any  other, 

^  Compt.  rend.  Acad.  d.  te.,  Paris,  1898,  t  ozxvi,  p.  1229. 
*  Zttchr.f.  Hyg.,  Leipzig,  1897,  BiL  xxit,  S.  514. 


und 

how 

le« 
Uofl 
an^" 


Artîjicial  immunity  against  toxins 


381 


Ehrlich^  has  formulated  another  hypotheaia  to  explain  not  only 
this  epecificity  but  the  origin  of  antitoxins  in  general.  This  is  the  [400] 
ingenious  hypothesis  of  side-chains  or  of  receptors,  which  has  already 
been  coiiâidered  in  other  chajiters  of  this  work.  It  is  now  for  the 
first  time  brought  forward  in  relation  to  the  antitoxins  properly 
so-called,  that  is  to  say  substances  ca|>able  of  preventing  intoxication 
by  microbial  toxins.  In  order  to  make  his  hypothesis  as  clear  as 
pofluble  Ehrlich  begins  by  exphiining  its  bearing  on  the  concrete 
example  of  tetanus  antitoxin.  "  Wlien  we  introduce  into  an  animal  a 
small  quantity  of  tetanus  toxin,  it  is  easy  to  obtain  exact  proof  that 
it  is  quickly  fixed  by  tlie  central  nervous  system,  probably  by  the 
motor  cells  of  the  ganglia  ;  that  the  central  nervous  system  more 
_Uiaa  any  other  organ  attracts  the  tetanus  toxin  and  retains  its  to.\io 
lolccules  very  fiimly."    There  we  have  the  side-chains  of  the  proto- 

sm  fulfilling  this  rule  and  subjecting  the  living  protoplasm  to  the 

longed  action  of  the  poison.  Once  it  is  combined,  the  side-chaia 
aes  incapable  of  fulfilling  its  normal  function,  and  there  is 
induced  on  the  part  of  the  liinng  elements  the  production  of  new 
chains  of  a  similar  character.  Following  the  law  that  the  reaction 
is  stronger  than  the  action,  there  is  an  over-production  of  these 
gide-chains  which  finally  so  embarrass  the  cell  which  has  developed 
them  that  they  are  excreted  by  it  into  the  blood  plasma.  Once 
expelled  into  this  phisma,  they  continue  to  manifest  tlieir  affinity 
for  the  tet4\nu8  toxin,  an  affinity  wliich  mtist  be  even  greater  in 
■  ■the  case  where  the  chîiins  are  found  in  the  blood  than  when  they 
^irere  connected  with  tlie  cell.  Owing  to  tfiis  affinity,  these  chains, 
now  in  the  blood,  fix  the  tetanus  poison  introduced  into  the  animal 
and  prevent  it  from  reaching  the  susceptible  nerve  elements.  Anti- 
toxins, according  to  this  hypotliesis  are,  therefore,  nothing  but  over- 
[>lua  side-chains  poured  into  the  body  fluids.  Ehrlich  extends  his 
thcorj'  to  a  whole  series  of  bodies  capable  of  causing  the  formation 
of  antitoxins  and  antidiastases.  "It  is  probable,"  he  says,  "that  all 
analogous  bodies  can  only  become  toxic  to  the  animal  on  condition 
that  the  animal  is  capable  of  fixing  their  toxophore  groups  in  certain 
of  the  organs  that  are  imitortant  for  its  life  "  (p.  17). 

According  to  this  theory  tetanus  antitoxin  must  pre-exist  in  the 

întral  nervous  system  of  the  normal  aniinaL    In  the  immunised 

l^nimal,  the  side-chains  must  be  reproduced  in  very  great  quantity 

'  "  Die  WcrthbemeuuDg  de3  Diphthorieheilseninu"  {Klin.  Jahrb.,  Berlin,  1897, 
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[401]  in  the  nerve  cells  and  pass  thence  into  the  circulation.  Indeed, 
Wassermann,  a  supporter  of  this  theory,  made  a  search  for  tet(tna'« 
antitoxin  in  the  nerve  centres  of  nonnal  animals.  In  collaboration 
M'ith  Takaki*  he  made  the  important  discovery  that  the  brajn 
and  spinal  cord  of  small  mammals  (guinea-pigs  and  rabbits)  when 
trituratetl  with  tetanus  toxin  prevent  the  manifestation  of  its  toxic 
action  in  animals  most  susceptible  to  tetanus.  The  brain  was  always 
found  to  be  more  active  than  the  spinal  cord.  The  propeity  of 
neutralising  the  toxin  of  tetanus  belongs  to  the  solid  parts  of  the 
nerve  centres  ;  the  fluid  of  the  cerebral  emulsion  is  incapable  of 
exercising  this  action. 

This  discovery  was  soon  confirmed.  Ransom*  demonstrated  it 
almost  at  the  same  time,  and  independently  of  Wassermann  and 
Tukaki  ;  and  the  fact  is  indisputable.  It  remains  to  be  seen  wlicther 
the  "  antitoxin  "  of  the  nerve  centres  of  normal  animals  is  really  the 
same  as  that  which  is  found  îu  the  fluids  of  animals  immunised  against 
tetanus  toxin,  as  is  accepted  by  Wassermann  and  the  other  partisans 
of  the  side-chain  theory.  Tt>e  former  is  characterised  by  a  very  local 
reaction  ;  it  is  incapable  of  being  dissolved  and  distributed  through 
the  body  of  the  animal.  This  is  shown  by  Marie's^  experiments,  and 
my  own*,  all  carried  out  in  my  laboratory.  All  that  is  necessary  is  to 
introduce,  beneath  the  dorsal  suiface  of  the  thigh  of  a  guinea-pig,  a 
(juantity  of  the  cerebral  substance  sufficient  to  neutralise  several 
times  the  letlial  dose  of  toxin,  and  below  the  skin  of  the  ventral 
aspect  of  the  same  thigli,  a  lethal  dose  of  this  toxin,  when  it  will  be 
found  that  the  guinea-pig  contracts  a  fatal  tetanus.  The  antitoxic 
action  of  the  nerve  substance  extends,  therefore,  for  a  sliort  dis- 
tance only  ;   it  is  strictly  local. 

The  view  that  the  action  of  the  substance  of  the  pounded  nerve 
centres  is  different  from  the  neutralisation  of  the  toxin  by  the  anti- 
toxin of  tiie  body  fluids  is  further  confirmed  by  the  fact  that  the 
fixation  of  the  totiinus  poison  by  the  cerebral  substance  is  very 
tmnsient  We  have  shown  that  a  mixture  of  toxin  and  poundetl 
cerebral  substance,  that  does  not  produce  any  tetanic  symptom  when 
injected  into  the  peritonctil  cavity  of  guinea-pigs,  sets  up  a  grave 
tetanus  when  it  is  injected  subcutaneously  into  the  thigh.    In  the 

»  Berl.  kfin.  JVehntchr.,  1S98,  S.6. 

*  Di'utfche  tiu'd.  Wclmtckr.,  Leipzig',  1S98,  S.  68. 

*  Ann.  de  I'Imt.  Pasteur,  Paris,  1898,  t.  xii,  p.  91. 

*  Ann.  de  Vlnil.  Pa»Uur,  Paris,  1698,  U  xii,  pp.  81,  S63. 


case  the  toxin  becomes  separated  from  the  particles  of  the  [402] 
êerebral  substance  that  had  fixed  it.  DauyBz"^  convinced  himself 
that  the  mixture  of  pouiuled  brain  with  tetanus  toxiu  when  it  is 
left  in  physiological  saline  solution,  in  distilled  water,  or  in  a 
10  7o  solution  of  sea  salt,  allows  the  tetanus  toxin  to  pass  into  the 
maceratiJïg  fluid.  The  fixation  of  the  toxiu  to  the  cerebral  substance 
is,  therefore,  more  comparable  to  the  mordanting  of  colouring-matters 
by  the  tissues  than  to  a  real  combination. 

Observers  wlio  have  repeated  the  experiments  of  Wassermann 
and  Takaki  have  been  greatly  struck  by  the  difference  between  the 
action  of  the  i>ounded  cerebral  sub^itance  and  that  of  the  living  bntin 
upon  the  tetanus  toxin.  Whereas  the  former,  taken  from  the  guinea- 
pig,  an  animal  very  su3cc]»tiblc  to  tetanus,  prevented  intoxication 
when  employed  in  minimal  dose,  the  living  brain  of  the  same  species 
was  found  to  be  incapable  of  neutralising  the  most  minute  quantities 
of  toxin.  On  the  other  hand,  Iloux  and  Borrcl^  have  shown  that  tlie 
brain  of  rabbits,  wlietlier  untreated  or  vaccinated  against  tetanus, 
■was  very  susceptible  to  the  action  of  the  tetanus  toxiu.  This  toxin, 
ityccted  directly  into  the  brain,  set  up  in  both  groups  of  rabbits 
a  special  and  characteristic  cerebral  tetanus.  On  the  other  hand, 
when  a  little  of  the  cerebml  substance  of  the  rabbits,  mixed  in 
vitro  with  tetanus  toxin,  was  ii\jectcd  into  other  susceptible  animals, 
these  remained  unaffected. 

This  great  difference  between  the  antitoxic  action  of  the  living 
brain  and  that  of  the  pounded  cerebral  matter,  on  the  one  hand, 
and  the  rigorous  localisation  of  the  antitetanic  influence  of  this 
cerebral  substance,  on  the  other,  have  suggested  to  several  observers 
the  idea  that  the  brain  cannot  Ije  regarded  as  the  organ  of  formation 
of  tlie  true  antitoxin,  such  as  is  found  in  the  fluids  of  imnnniisc<l 
animals.  This  view  has  been  expressed  by  Roux  and  Borrel,  Marie 
and  ourselves.  Knorr'  also  shares  this  view,  being  struck  by  the 
fact  that  nxbbjts  utfeicked  by  tctsmus  remain  for  weeks  with  contrac- 
tions, but  ai-e  incapable  of  pro«lucing  in  their  nerve-cells  suflicient 
antitoxin  to  dishitoxicate  them,  although  their  blood  is  already 
loaded  mth  dissolved  antitoxin. 

At  this  period  it  was  generally  supposed  that,  in  accordance  with 
Ehrlicb's  theory,  the  hypothetical  side-chahis  Mere  capable,  under [403] 

'  Ann.  de  Vlmt.  PusUur,  Paris,  1899,  t  ini,  p.  136. 
»  Ann.  dt  Flmt.  Pnttmr,  Piiris.  IS98,  t.  xn,  p.  223. 
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certain  conditions,  not  only  of  fixing  the  tetanus  toxin,  but  also  of 
neutralising  it.  It  was  said,  therefore,  that  these  chains,  reproduced 
in  large  quantities  in  the  cerebral  cells,  must  exercise  their  neutral- 
ising action  in  the  brmn  itself.  Consequently,  when  it  was  seen  that, 
in  Roux  and  Borrel's  experiments  on  vaccinated  raV)bits,  this  organ 
was  itself  affected,  it  was  concluded  that  the  brain  must  not  be 
regarded  as  the  producer  of  the  antitoxin. 

Later,  Ehrlich  and  his  suiiporters,  amongst  whom  I  will  name 
especially  Weigert,  have  developed  the  theoiy  of  side-chains  in  a 
much  more  detailed  fashion,  leading  to  a  different  interpretation  of 
eeveral  facts  previt»»isly  estiiblisheiL  Elirlich  distinguisiie;^  in  the 
toxin  molecule  a  hapfujthwe  group  which  combines  with  the  side- 
chain  or  the  corix'H.ponding  receptor  of  the  living  elements,  and  a 
toxophore  group  which  produces  the  poisoning  of  the  protoplasm. 
The  side-chains,  inactive  for  the  toxophore  group,  neutralise  only 
the  haptophore  gi*oup.  Consequently,  when  these  side-chains  are 
numerous  in  the  nerve  elements  which  produce  them,  they  may  be 
a  source  of  great  danger  to  tliis  living  element,  by  attracting  the 
toxic  molecules.  In  this  case,  these  chains,  or  receptors,  serve  to 
attract  the  poison,  just  as  the  badly  adjusted  lightning  conductor 
attracts  lightning.  For  ttiis  reason  rabbits  vaccinated  against  tetanus 
become  tetanic  when  the  toxin  is  injected  directly  into  the  brain. 
It  is  only  at  a  distance  from  the  nerve  centres  that  the  receptors, 
excreted  into  the  body  fluide,  fulfil  their  rôle  of  true  antitoxins. 
There  they  combine  witli  the  haptophore  group  of  the  toxic  molecule, 
leaving  the  toxophore  group  intact  ;  this  latter  group,  however, 
diverted  from  the  nerve-cells,  is  incapable  of  exercising  an  injuriouâ 
action. 

From  this  point  of  view  not  only  the  cerebral  tetanus  of  vaccinated 
rabbits,  but  also  the  hypersusceptibility  of  immunised  animals,  upon 
which  von  Behring  has  so  strongly  insisted,  may  be  explained.  The 
argument,  drawn  from  these  facts,  against  the  nervous  origin  of 
tetanus  antitoxin,  loses,  therefore,  much  of  its  weight  If  we  confront 
this  hypothesis  with  the  other  data  collected  on  the  question,  the 
solution  of  the  [iroblem  becomes  beset  with  great  difficulties.  Previous 
[iOi]  to  the  discovery  made  by  Wassermanu  and  Takaki,  I  attempted  to 
solve  the  problem  by  removing  from  fowls  portions  of  the  brain  and 
spinal  conl,  piuposing  to  take  advantage  of  the  fact  that  birds,  which 
are  capable  of  producing  antitoxins,  withstand  these  operations  fairly 
welL     My  hopes  were  not  fulfilled  ;  1  could  never  keep  my  fowls 
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alive  long  enough  to  complet*  the  experiment.  We  must,  therefore, 
for  the  present,  V>e  content  with  indirect  arguments».  If  the  nerve 
centres  ilo  reully  produce  the  tetatniH  antitoxin  and  excrete  it  into 
the  blood,  we  ought  at  a  given  moment  to  find  in  these  orgcin^  a 
;j:rcater  quantity  of  tins  substjince  than  in  the  blooil  and  the  other 
organ».  The  reixdcr  will  re«ill  the  researches  of  rfeifter  and  Marx, 
and  of  Deutsch,  who  demonstr.itcd  the  {>osscsâion  of  a  greater  richness 
in  protective  substance  by  the  phagocytic  organs  of  animals,  treate<l 
with  niicro-organi-snis,  than  by  the  blood  serum.  The  same  result 
might  be  obtained  by  a  comparative  investigation  of  the  tetanus 
antitoxin  in  the  nerve  centres  and  the  blood  of  animal»  immunised 
against  tctantis.  My  experiments  directe«l  to  this  point  have  not 
been  favourable  to  the  hypotliesis  of  the  nervous  origin  of  tetanus 
antitoxin. 

In  fowls,  killed  as  soon  as  tetanus  atititoxin  began  to  apjtear  in 
the  blood,  the  bniin  and  spinal  curd  did  not  exhibit  the  slightest 
antitoxic  iH)wcr'.  We  might  bo  tempted  to  explain  this  result  as  duo 
to  an  accumulation  of  toxin  in  the  nerve  centres  which  would  prevent 
the  manifestation  of  the  antitoxin.  For  this  reason,  in  my  later 
researches',  I  made  use  of  animals  that  hiul  been  long  innnuniaed, 
but  whose  blootl  was  still  antitoxia  1  killed  a  fowl  which  had  not 
receivetl  any  toxin  for  about  eight  months,  and  a  guinea-pig  into  which 
tlie  last  toxic  injection  had  been  made  almost  two  years  before  the 
flate  of  this  exiierimcnt.  After  removing  a  portion  of  the  brain  the 
blood  of  these  two  animals  was  found  to  be  more  antitoxic  than 
before  the  operation,  which  indicated  that  the  source  of  the  antitoxin 
was  as  yet  uninjured.  To  ascertîiin  whether  this  source  was  to  l)e 
found  in  the  nerve  centres  I  made  a  comparative  determination  of  the 
antitoxic  power  of  the  brain,  of  the  spinal  cord  and  also  of  several 
other  organs,  of  the  blood  and  of  the  exudations.  The  result  was 
still  negjitive.  The  nerve  centres  were  found  to  be  less  antitoxic 
than  the  blot)d  and  other  fluids  of  the  body^  and  even  less  active  than 
such  organs  as  the  liver  and  kidneys. 

In  support  of  the  hypothesis  of  the  nervous  origin  of  tetanus  [405] 
antitoxin  there  remains,  then,  only  the  feet  of  the  retarding  action 
of  the  oercbnU  substance  upon  tetanus.     In  the  absence  of  other 
arguments  this  assumes  a  pre[)onderating  importance.     We  have  seen 
that  this  action  is  based  on  a  fleeting  and  not  very  finu  fixation  of  the 

'  Ann.  dé  Flmt.  Piutanr,  Pari»,  IS97.  t  XI,  p.  801. 
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toxin  bj  certAin  parte  of  the  brain  and  the  cord.  Are  we  jnstlGed  m 
rogardinf;  thh  ax  comparable  to  tlie  more  gtable  fixation  observée! 
in  living  aniinald  «usccptible  to  tetanus  intoxication?  Soon  after 
Wawienikunn  and  Tnkaki'e  di>fCoyery  I  pointed  out  that  the  pounded 
brain  of  froRH  mixed  with  tetanus  toxin  does  not  prevent  animals, 
into  which  tlii»  mixture  is  injected,  from  contracting  fatal  tetanus. 
Thin  obHcrvation  was  confinned  by  Courmont  and  Doyon\  in  several 
Moriefi  of  cxpcrimcntH  carried  out  under  various  conditions.  They 
found  that  "  the  l)nxin  of  the  frog,  heated  or  nnlicated,  when  mixed 
witli  tetunu«  toxin  even  for  several  hours,  at  the  temperature  of  the 
laboratory  or  at  .'?({'  C,  even  in  considerable  doses,  does  not  posseiss 
any  ncutruliHing  property."  This  fact  would  not  be  in  any  way 
wuudcrful  if  wo  had  to  do  with  an  animal  insusceptible  to  tetanus  ; 
but  iti  the  frog,  as  we  have  naid  iîi  the  lueceding  cl)a]iter,  this  is  far 
fruni  being  the  case.  la  the  ruld  it  does  not  readily  become  tetanic, 
but  above  25* — 30*  C.  it  becomes  very  8U(»ccptible.  The  turtle,  which 
U  very  refractory  to  this  intoxication,  lias  a  brain  wliich,  wljcn  pounded 
and  mixed  with  tetanus  toxin,  exerts  a  certain  preventive  power  over 
«UKceptible  animals.  Nevertheless,  the  brain  of  the  living  frog,  as 
denionstnited  by  Morgonroth,  absorbs  this  toxin.  There  is,  therefore, 
a  diftcrcnco  between  the  absorption  of  the  tetanus  poison  by  the 
living  elements  and  by  the  pouudcd  cerebral  substance.  A  similar 
result  in  obtained  with  seveml  other  toxins.  Diphtheria  poison  is 
very  toxic  wlien  iiyectc»!  directly  into  the  brain  of  the  guinea-pig  or 
rabbit  Even  the  rat,  as  demonstrated  by  Roux  and  BorreP,  is  readily 
affected  by  this  toxin  under  these  conditions.  Doses  which  when 
iuoculuteil  subcuUineously  are  well  borne  by  the  rat,  when  introduced 
into  the  bmiu  set  up  a  fatal  intoxication  in  this  animal.  And  yet  the 
[■40«J  brain,  when  pounde«l  and  mixed  with  diphtheria  toxin,  can  never 
protect  su»t.vptil>le  animals  from  intoxication.  Numerous  attempts  to 
rcpnMiuce  Wasaerniann  aiul  Takaki's  experiment  with  the  diphtheria 
poison  have  always  l>een  unsuccesslnl.  Attempts  to  obtain  the  sama 
result  with  snake  vonom  have  also  given  negative  results.  Odmette* 
made  sovenvl  ex|H>riment$  with  emulsions  of  rabbit^s  brain  and  snake 
veuout  with  the  object  of  ascertaining  whether  the  elements  of  the 
nervous  system  (tutjsess  against  renom  tlte  same  propertiee  as 
tetanus  tt>xiu.  ''None  of  these  emulsions" — concludes 
"exhibitixl  either  the  slightest  protective  or  antitoxic  power  m 

>  Omft.  nmd.  Sue.  et  bioL,  Fui».  1808,  p.  aoa. 
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Tliere  is,  therefore,  no  analogy  of  action  between  what  takes  place  in 
the  nerve  elements  against  tetanus  toxin  and  against  venom."  Never- 
thelesB  venom,  like  diphtheria  toxin  and  tetanus  toxin  in  the  frog, 
exerts  an  umloubted  action  on  the  nerve  centres. 

Again,  the  protective  fixation  of  poisons  to  the  cerebral  sub- 
stance i.s  not  the  exclusive  privilege  of  tetanus  toxin.  Kempner  and 
Schepilewsky  '  obtained  tlie  same  result  with  the  toxin  of  botulism 
(produced  by  van  Ermengheni's  anaerobic  miero-oi'ganism  which  sets 
up  intoxication  of  intestinal  origin  in  certain  cjwes  of  poisoning  by 
food).  The  brain  and  spinal  cord  of  the  guinea-pig,  when  triturated 
with  physiologiad  salt  solution  and  mixed  with  botulinic  toxin, 
prevents  intoxication  in  susceptible  animals,  exactly  as  in  Wassermaini 
and  Takaki's  experiments  witli  tetanus. 

When  Kempner  and  Schepilewsky  wished  to  obùiin  some  idea  as 
to  the  substance  or  substances  iu  the  nerve  centres  wtuch  fix  the 
toxin  of  botulism  and  thus  prevent  poisoning,  they  found  that  lecithin 
and  cliolesterin,  mixed  with  this  toxin  or  injected  separately  and 
simultaneously,  protected  mice  just  as  completely  as  did  the  cerebral 
substiince.  On  tlie  other  hand,  they  fomid  a  difference  as  regards  the 
two  substances  when  injected  before  the  toxin  was  introduced  ;  they 
were  then  unable  to  prevent  poisoning,  though  the  cerebral  substance 
exerted  an  luidoubtcd  protective  influence.  Kempner  and  Schepilew- 
sky also  showed  that  heating  altered  the  preventive  action  of  lecithin 
and  cholcsterin  less  than  it  did  that  of  cerebral  emulsion. 

These  observers  extended  their  researches  to  the  protective  action  [407] 
of  fats  and  demonstrated  that  olive  oil  when  emulsified  and  neutra- 
lised with  soda  and  mixed  with  twice  and  even  four  times  the  lethal 
dose  of  bottdiuic  toxin,  prevented  the  contraction  of  u  fatal  poisoning 
by  mice.  Tyrosin  also  protected  mice  against  this  intoxicsition,  not 
only  when  injected  simultaneously  with  the  poison,  but  even  when 
introduced  into  the  animal  24  hours  before  the  poison  was  ad- 
ministered. Kempner  and  Schepilewsky  conclude  "that  not  only 
with  the  substance  of  the  nerve  centres,  but  also  with  various  other 
substiinces,  tlicy  were  able  to  obtain  a  certttia  protective  effect  agiunst 
the  toxin  of  botulism"  (p.  221).  Their  experiments  with  cliolesterin 
and  tyrosin  were  suggested  to  them  by  the  previous  researches  of 
Phisalix-  who  demonstrated  that  the  bile  salts,  as  m'cU  as  the  two 

'  /Atckr.f.  Uyg.,  Leipzig,  1898,  BA  xxvii,  S.  213. 

•  t'ompt.  rend.  Acad.  d.  »c..  Puns,  1897,  i>.  1053;  ood  1898,  p.  431  ;  CompL  rend. 
Hoe.  dé  bioL,  l'ariA,  1897,  p.  1057  ;  aud  1898,  p.  153. 
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substances  I  have  just  mentioned,  would  protect  animals  against  the 
venom  of  the  viper. 

Bearing  all  tliese  facts  in  mind,  it  appears  to  be  probable  that  ia 
the  above  cases  it  is  principally  the  fatt}-  matters  of  the  nerve  centres 
that  temporarily  fix  these  toxins,  and  allow  the  animal  or^nism  to 
divert  the  poisons  from  their  morbific  action.  From  this  point  of 
view,  it  is  interesting  to  note  tliat  the  toxic  action  of  the  tetanus 
poison  can  also  be  prevented  by  other  substances  than  the  emulsion 
of  the  nerve  centres.  Thus  StouJensky^  demonstrated,  in  an  investi- 
gation carried  out  in  Roux's  laboraton',  that  carmine  fixes  the 
tetanus  toxin  and  prevents  its  action  on  the  guinea-pig.  As  in  the 
case  of  the  cerebral  substance,  this  fixation  by  cannine  is  verj' 
unstable.  When  the  carmine  that  has  fixed  the  tetiinotoxin  is 
macerated  in  distilled  water  it  gives  up  the  poison  to  the  water  which 
is  then  capable  of  producing  tetanus.  Sucli  fixation  does  not  end,  any 
more  than  in  the  case  of  the  cerebral  substance,  in  the  destniction  or 
disappearance  of  the  toxin.  Carmine  if  fii-st  dissolved  or  macerated 
in  water  (especially  if  heated)  loses  its  fixative  power  and  can  no 
longer  prevent  tetanus  poisoning.  Sterilisation,  at  120°,  100°  and 
even  at  60°  C,  of  tlie  carmine,  suspended  in  physiological  salt 
solution,  caused  it  to  lose  its  protective  action,  although  dry  heat 
applied  to  it  in  closed  tubes  did  not  destroy  this  power. 
[408]  In  many  respects  carmine,  which  is  derived  especially  from  the 
adii>ose  body  of  the  cochineal  insect,  exerts  an  antitoxic  influence 
analogous  to  that  of  maceration  with  the  nerve  centres.  If  fats  play 
a  sjiecial  part  in  this  action,  we  can  readily  understand  how  a  brain, 
such  as  that  of  the  frog,  poor  in  fatty  matters,  cannot  fix  the  tetanus 
toxin  and  prevent  its  morbific  action.  In  any  case  the  fact  that 
certain  substances  of  diverse  nature,  acting  on  toxins,  exert  an 
influence  similar  to  that  of  the  pounded  mass  of  the  nerve  centres, 
does  not  allow  us  to  accept  WasseiTnann  and  Takaki's  experiment  as 
proving  the  nervous  origin  of  tetanus  antitoxin.  The  analogy  with 
the  facts  bearing  on  the  anticytotoxins,  collected  and  described  in  the 
fifth  chapter,  also  tells  against  tins  hyi>othe8iB.  We  would  here  remind 
the  reader  that  the  two  constituent  parts  of  the  antispermotoxin, 
the  anticytase  and  the  antispermofixative,  develoj»  in  ca.*itrated 
animals  and  are  consequently  produced  outside  the  spermatozoa, 
elements  susceptible  to  tlie  spermotoxin.     The  facts  collected  con- 
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cenilng  the  antihaemotoxina  indicate  also  that  these  substances  iiave 
t$onie  other  origin  than  the  red  blood  corpuâclea. 

This  latter  supposition  appears  to  Ije  in  contradiction  to  Ransom's^ 
very  interesting  researches  on  the  haeniolvtic  action  of  saponin, 
carried  out  in  Meyer's  laboi-atory  at  Marburg.  This  glucoside,  owing 
to  its  property  of  fixing  itself  on  the  stroma  of  these  coriiuscles 
dissolves  the  red  corpuscles  of  many  vertebrates.  The  chole«teriu  of 
this  stroma  combines  with  the  saponin,  as  the  result  of  which  the  red 
corpuscles  become  altered  and  allow  the  haemoglobin  to  diffuse.  But 
this  same  substance,  choles^terin,  Avliîch  causes  the  poison  to  peuetmte 
into  the  red  blood  corpuscles,  prevents  the  solution  of  these  elements 
when  they  are  batlicd  in  blood-serum.  This  fluid,  in  fact,  acts  as  the 
atititoxin  to  8ai»oiiiii  and  does  so  just  because  it  contains  cholestcrin. 
The  cholesterin  of  the  serum,  fixinff  the  saponin,  prevents  it  from 
affecting  the  red  corpuscles,  thus  fiitfiliirig  the  function  of  a  well 
fitted  lightning  conductor.  On  the  other  liaml,  when  the  cholesterin 
of  the  stroma  of  these  corpuscles  is  linked  on  to  the  saponin,  it 
renders  them  the  disservice  of  a  defective  lightning  conductor.  Tlie 
accord  between  these  facta  and  the  postulates  of  Ehrlich'e  theory  led 
Ransom  to  suppose  that  in  the  haemolysins  and  antihaemolysins,  [409] 
cholesterin  perhaps  played  a  similar  part.  His  experiments  con- 
vinced him  that  this  was  not  the  case.  As  it  is  generally  accepted, 
after  Calmette's'  experiments  and  according  to  Ehrlich's  view,  that 
the  alkaloids  and  the  glucosides  in  general  are  incapable  of  setting  up 
the  formation  of  antitoxins,  we  might  regard  the  attempts  to  find  an 
antisaponin  and  to  settle  whetlier  it  is  identical  with  cholesterin  a^ 
useless.  But  in  regard  to  these  delicate  questions  we  m\ist  be  careful 
not  to  give  too  great  weight  to  a  priori  arguments.  It  was  believed 
until  quite  recently  that  substjuices  with  very  complex  molecules, 
such  as  the  albuminoids,  toxins  and  soluble  ferments,  must  always 
give  rise  to  the  production  of  antiboflies  in  the  animal  ;  whilst  the 
Birai»ler  8ubst;mces  whose  chemical  nature  was  better  defined  could 
never  lead  to  this.  Facts  acquiretl  in  recent  years  have  led  to  a 
modification  of  this  view.  In  our  fifth  chapter  we  have  already  spoken 
of  tlie  fndtless  attempts  of  Ehrlicii  and  Morgciiroth  to  obtain  certain 
unlifixatives.  And  yet  the  fixatives,  as  is  shown  by  the  results  of 
the  researches  of  Bordet  and  myself,  belong  to  the  category  of 
subetimccs  which  are  quite  caimble  of  setting  up  the  formation  of 
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antibodies.  Again,  certain  mineral  poisons,  quite  unexpectedly,  gave 
rise  to  the  development  of  the  counter-poison  in  the  animal  body. 
This  fact  forced  itself  upon  Besredka^  in  his  researches  on  the 
adaptation  to  arsenic  made  in  my  laboratory.  His  expcrinienta  were 
undertaken  for  tlie  purpose  of  studying  the  mechanism  of  the  re- 
fractory condition  against  a  poison,  apart  from  any  antitoxic  action 
whatever,  which,  according  to  previous  investigations,  seemed  excluded. 
This  action,  however,  was  exhibited  in  such  a  degree  that  it  could  not 
be  ignored.  The  serum  of  animals  imnuxnised  agjiinst  arsenious 
acid  was  found  to  possess  both  protective  and  antitoxic  properties 
against  a  dose  of  this  poison  killing  a  rabbit  in  48  hours.  It  is  true 
that  Morishima^  in  a  research  carried  out  in  Heyraan's  laboratory  at 
Ghent,  has  thrown  doubt  upon  these  results.  His  objections,  how- 
[410]  ever,  cannot  refute  the  statements  of  Besredka  which  rest  ou  very 
precise  and  numerous  experiments  which  I  witnessed.  Morishima 
left  ont  of  account  several  important  circumstances  and  canied  out 
his  experiments  without  any  continuous  check  by  means  of  control 
animals.  It  must  be  said  also  that  the  resistance  of  the  rabbit 
against  anjeiiic  «lepends  on  many  different  factors  and  that,  at  certain 
seasons,  it  is  much  more  diOicult  to  adapt  them  to  the  poison  than  at 
others.  It  is  only  by  numerous  researches  extending  over  a  very  long 
period  that  m'c  can  arrive  at  precise  and  conclusive  results. 

From  these  observations  there  is  every  inducement  for  us  to 
attempt  to  ascertain  whether,  by  subjecting  animals  to  repeated 
injections  of  saponin,  it  is  possible  to  augment  the  antisaponic  power 
of  their  bloml-serum  and  whether,  if  this  takes  place,  the  antitoxic 
action  is  due  to  a  rise  in  the  amount  of  cholesterin  in  this  serum.  I 
therefore  requested  Besredka  to  carry  out  some  experiments  bearing 
on  this  point.  Guinea-pigs,  injected  M'ith  progressive  doses  of  saponin 
for  more  than  two  months,  at  the  end  of  this  period  showed  no 
increase  in  the  antisaponic  power  of  their  sei'um.  They  followed  the 
rule  established  by  Ehrlich  j  they  developed  no  antitoxiu  against  a 
glucoside.  Moreover,  they  gave  us  no  new  information  as  to  the 
origin  of  these  antibodies. 

In  his  fii"8t  memoir  in  which  the  theory  of  side-chains  is  treated, 
Ehrlich  insists  on  the  nervous  origin  of  antitetanin  as  an  example  of 
the  production  of  antitoxins  by  animals  susceptible  to  poisons.  Now, 
however,  that  he  has  come  to  distinguish  haptophore  and  toxophore 
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groups  in  the  toxic  molecule,  it  is  to  the  side-chain,  which  fixes  the 
first  group,  that  Ehrlich  attributes  prime  importance.  "  The  fiirma- 
tion  of  antitoxins  " — ^he  says^  in  the  opening  address  at  his  Institute 
at  Frankfort — "  wouhl,  therefore,  be  absolutely  independent  of  the 
action  of  the  toxophore  elements."  In  other  words,  fur  a  cell  to  be 
capable  of  producing  antitoxin,  it  is  not  at  all  necesâary  that  it  should 
be  susceptible  to  the  toxic  influence  of  the  poison  ;  it  is  only  uecessiiry 
that  it  should  possess  receptors,  or  side-chains,  capable  of  combining 
with  the  haptophore  groui>  of  the  toxin.  Thus  it  is  possible,  as  we 
have  described  above,  to  produce  antitoxins,  with  modified  toxinw  [■*ii] 
whose  toxic  action  is  nil  or  almost  so,  but  which  have  retained  their 
power  of  combining  with  antitoxic  substances.  According  to  Ehrlich, 
these  modified  toxins  are  toxoids,  in  which  the  toxoplsorc  group  is 
completely  tlestroyed;  "whilst  the  luiptophore  grouj»,  the  producer  of 
immunising  substances,  is  retained  in  its  integrity."  It  is  evident 
then  that,  under  such  conditions,  the  tetanus  antitoxin  might  be 
developed  elsewhere  than  in  the  nerve  centres.  For  tiiat  it  would  be 
sufficient  that  outside  the  nerve  cells  there  should  be  other  living 
elements  capable  of  fixing  the  tetanus  toxin,  or,  to  use  Ehrlich's 
phraseology,  elements,  possessing  side-chains,  having  an  aflinity  for 
the  haptophore  group  of  the  tetanus  poison. 

Dtiuitz"  has  already  expressed  the  view  that  in  the  rabbit  the 
tetanus  toxin  may  be  fixed  not  only  by  the  nerve  elements  but  also 
by  the  various  other  cells. 

The  existence  of  such  cells,  outside  tlie  nervous  system,  is  not 
merely  hypothetical.  It  is  showu  very  clearly  in  Roux  and  Borrel's 
experiments  on  cerebral  tetanus.  In  order  to  produce  this  disease  in 
the  rabbit,  it  is  sufficient  to  introduce  a  very  small  dose  of  toxin 
directly  into  the  brain.  When  iuociilatwl  eubcutaueously  with  much 
larger  quantities  of  the  same  tctiums  poison,  the  rabbit  remains  in 
good  health  or  exhibits  merely  a  slight  and  transient  tetanus.  "  The 
resistance  of  the  mbbit  against  the  tetanus  toxin,  injectetl  under  the 
Uïiual  conditions  " — conclude  Roux  and  BorreP — "  is  not  due,  then, 
to  a  relative  insusceptibility  of  the  nerve  centres,  but  to  the  fact 
that  much  of  the  poison  introduced  does  not  reach  the  nerve  cells 
and  is  destroyed  in  some  part  of  the  animal"  In  the  guinea-pig, 
as  shown  by  the  same  investigators,  the  difference  of  the  dose  of 
tetitnus  {loison,  necessaiy  to  pnxiuce  fatal  tetiiuus  by  intracerebral  or 
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by  subcutaneous  injection,  is  minimal  or  nil,  from  which  it  may  be 
argued  tliat  in  thi8  very  susceptible  animal  there  is  no  destruction 
of  toxiu  outside  the  nerve  centres  and  that  the  whole  of  the  {wisou 
introduced  makes  its  way  without  hindrance  as  far  as  these  organs, 
Ehrlifh,  ia  his  report  to  the  International  Con^-esa  of  A[ediciuc  iu 
Paris  (August,  190U),  accepted  these  résulte,  as  seen  from  his  tenth 
[■*l2j  and  eleventh  propositions  :  "The  receptors  exist,  sometimes  in  certain 
tissues  oidy,  sometimes  ia  the  majority  of  the  organs  (action  of 
tctamia  poison  in  the  guinea-pig  and  in  the  rabbit),"  "  ...the  presence 
of  numerous  recej>toi-s  iu  the  organs  of  less  vital  importance  may 
bring  about — thauks  to  a  kind  of  tllversion  of  the  toxin  molecules — a 
ditiiinution  in  the  susceptibility  of  the  animal  to  this  toxin  V  We  must 
liere  recall  the  differences  between  the  susceptibility  of  the  guinea- 
pig  antl  that  of  the  rabbit  to  small  doses  of  tetanus  toxiu  frequently 
repeated  as  in  Knorr's  experiments  already  referred  to.  The  guinea- 
pig,  subjected  to  these  injections,  dies  in  a  tetanic  condition  long 
before  it  has  received  the  minimal  lethal  dose  for  this  species  when 
injected  in  a  single  dose.  The  rabbit,  on  the  other  hand,  is  very 
tolerant  of  re|>eated  doses  and  even  rapidly  acquires  an  immunity 
against  five  minimal  lethal  doses  for  the  rabbit  (injected  at  once). 
Knorr  explained  this  difference  as  due  to  the  hypersusceptibility 
of  the  nerve  centres  in  the  guinea-pig  and  to  their  acquired  in- 
susceptibilitj'  in  the  rabbit.  The  exi>eriments  of  Roux  and  Borrel 
on  the  cerebral  tetanus  of  rabbits  viiccinated  against  tetanus,  have 
demonstrated  that  this  insusceptibility  is  not  produced  in  these 
animals.  We  nuist,  therefore,  seek  some  other  explanation,  lu 
rabbitii  subjected  to  small  repeated  doses,  the  poison  is  more  and 
more  prevented  by  certain  living  elements  from  reaching  the  nerve 
centres.  Further,  it  is  neutralised  by  the  antitoxin  which  is  rapidly 
produced.  We  find  from  Knorr's'  researches  that  in  rabbits  anti- 
toxin appears  in  the  blood  in  cases  where,  affected  with  a  tmnsitoiy 
tetanus,  their  limbs  remain  contracted  for  weeks.  In  guinea-pigs, 
affected  with  the  same  foi-m  of  tetanus,  antitoxin  in  appreciable 
quantity  is  never  found,  even  after  complete  recovery,  AH  these 
fïictB  accoi-d  with  the  hypothesis  that  there  exist,  outside  the  nervous 
system,  certain  living  cells  which  absorb  the  tetanus  toxin  and  pro- 
duce antitoxin.    lîiibbits  and  fowls  possess  this  jiroperty  in  a  much 
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_  iter  degree  than  do  guinea-pigs.  The  fowl,  according  to  Knorr, 
~  iifeivelopa  "  a  large  quantity  uf  autituxin,  \vhilst  the  teUiuic  syinptums 
are  still  augmeutiug."  In  this  animal,  us  we  hare  been  able  to  show', 
a  i>ortion  of  the  tetanu»  tuxiu  is  absorbed  by  the  leucocytes.  By  [413] 
exciting  aseptic  exudations  in  fowls  into  whicii  I  had  previously 
injected  this  toxin,  I  was  able  to  convince  myself  that  these  exuda- 
tions, much  richer  in  leucoc-ytcs  than  was  the  blood,  were  idso  much 
more  tetanigenic  than  was  the  bluud.  I  observed  also  a  more  or 
less  pronounced  leucocytosis  after  the  injection  of  non-lethal  doses 
of  tetanus  toxin  into  fowls.  It  is  i)ossible  that  the  leucocytes  were 
actual  agents  in  protecting  the  animal  agiiiust  the  i)enetratiou  of  this 
poison  to  the  susceptible  nerve  centres. 

The  great  susceptibility  of  leucocytes  to  microbial  toxins  serves 
to  indicate  that  these  cells  are  of  sonve  importance  in  the  struggle 
of  the  animal  against  these  poisons.  Their  injection  usually  sets  ui> 
a  marked  hyi>erleucocyt08is  of  the  blood.  On  this  point  C'hateuay-, 
working  in  my  laboratory,  has  carried  out  a  scries  of  experiments  on 
animals  poisoned  by  bacterial  (tetanus  and  diphtheria),  phanero- 
gamic (ricin  and  abrin)  and  animal  (snake  venom)  toxins.  He  was 
able  to  demonstrate  a  striking  analog}-  between  them  and  the  pheno- 
mena which  occur  in  bacterial  infections.  When  death  takes  place 
at  tlie  end  of  a  very  short  period,  the  number  of  leucocytes  markedly 
diminishes;  if  the  animal  lives  beyond  24  hours  or  resists  completely, 
a  hyperleucocytosis,  often  of  very  marked  character,  is  produced.  In 
the  guinea-pig,  which  is  so  susceptible  to  tetanus,  the  leucocytosis 
observed  occurs  even  after  injections  of  quantities  of  tetanus  toxin 
equal  to  several  lethal  doses,  and  it  is  only  after  the  introduction  of 
an  amount  equal  to  one  hundred  times  the  lethal  dose  that  the 
numljer  of  leucocytes  remains  stiitionary  or  shows  a  diminution. 
Here  we  have  something  analogous  to  what  takes  place  against  the 
anthrax  bacillus  in  the  same  animal.  The  penetration  of  this  deadly 
organism  sets  up  a  marke<l  leucocytosis,  but  the  accumulated  leuco- 
cytes are  incapable  of  seizing  the  bsicilU  or  of  preventing  their  noxious 
action.  In  other  sjxicies  of  animals,  such  as  the  rabbit  and  the  fowl, 
the  intervention  of  the  leucocytes  against  the  anthrax  bacillus,  as 
well  as  against  the  tetanus  toxin,  is  more  etlective. 

If  this  toxin,  instead  of  being  injected  in  solution,  be  introduced 
along  with  the  bodies  of  the  micro-organisms  which  contain  it,  tlie 
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struggle  on  the  part  of  the  animal  takes  place  under  more  favourable 
conditions  and  even  very  susceptible  animals  may  afford  evidence 
[414]  that  they  ofler  a  high  resistance.  Vaillard  and  Vincent'  have 
shown  that  if  we  inject  living  tetanus  bacilli,  or  the  spores  of  these 
bacilli,  deprivc<l  of  free  toxin,  into  guinea-pigs  a  great  accumulation 
of  leucocytes,  which  prevent  the  production  of  infection  and  intoxi- 
cation by  devouring  the  bacilli  and  their  spores,  takes  place.  The 
toxin  contained  in  tJie  ingested  bacilli  remains  innocuous  ;  this  alTord- 
ing  evidence  of  the  protective  part  played  by  the  leucocytes  against 
the  toxin.  The  same  interpretation  may  be  ottered  to  explain  the 
sm'vival  of  animals  verj'  susceptible  to  tetanus,  when  the  tetanus 
poison,  mixed  with  pounded  cerebi*al  substance  or  with  carmine 
powder,  is  injected.  In  these  mixtures  the  toxin,  as  mentioned  above, 
becomes  attached  to  certain  substances  of  the  triturated  brain  or  to 
the  grains  of  carmine.  This  fixation  is  very  unstable,  the  toxin  is 
readily  set  free  ;  but,  when  introduced  into  the  body  of  the  animal, 
the  mixture  induces  a  great  accumulation  of  leucocytes  which  seize 
the  cerebral  particles  and  the  grains  of  carmine  and  along  ^vith  them 
take  possession  of  the  toxin.  Wjissermann  and  Takaki's  expérimenta 
and  those  of  Stoudensky  are  easily  explaiued  if  we  assume  two 
protective  acts  :  the  tirst  of  these  consists  in  fixing  the  toxin,  thus 
preventing  it  from  diffusing  and  rapidly  reaching  the  living  nerve 
cells  ;  the  second  is  the  absorption  of  the  toxin  fixed  by  the  leuco- 
cytes,— cells  endowed  with  receptors  for  the  haptophore  group  of 
the  toxin,  but  insusceptible  to  its  toxopliore  group.  When  one 
of  the  two  factors  is  absent,  tetanus  cannot  be  prevented.  It  is  for 
this  reason  that  in  Counnont  and  Doyon's  experiments  with  emulsion 
of  the  frog's  brain,  mixed  with  tetanus  toxin,  the  inoculated  animals 
died  from  tetsinus  in  spite  of  an  accumidation  of  leucocytes.  This 
fact  aflbrds  additional  proof  that,  under  these  comlitions,  the  toxin 
does  not  become  anchored  to  the  particles  of  the  pounded  cerebral 
substance,  this  anchoring  being  a  condition  necessary  for  the  eifective 
reaction  of  the  leucocytes. 

The  absorption  of  the  tetanus  toxin  becomes  evident  when  we 
study  in  detail  the  phenomena  produced  in  the  experiments  carrie<l 
out  according  to  Vaillard's  methods  with  tetanus  Bporcii  and  those 
of  Wassermann  and  Takaki  with  poison  to  which  cerebral  emulsion 
has  been  added,  or  according  to  Stoudensky's  raetliod  with  grains  of 
carmine.  When,  however,  it  is  desired  to  bring  forward  rigorous 
^  Ann.  deFIntt.  Pasteur,  Ftiris,  l!»91,  t  v,  {■.  1. 


proof  of  the  presence  of  the  tetanus  toxin  inside  the  leucocytes  [416] 
charged  with  spores,  with  granules  of  cerebral  substance  or  with 
grains  of  carmine,  rer}'  great  difficulties  are  encountered.  How, 
indeed,  is  it  possible  to  demonstrate  this  poison  fixed  upon  these 
various  bodies,  a  poison,  the  presence  of  which  cannot  be  denion- 
etrated  except  by  its  injection  into  the  animal  ?  For  this,  in  the  study 
of  tlie  reaction  of  the  organism  of  the  animal  against  the  poisons,  it 
is  very  important  to  have  recoui"se  to  substances,  whose  presence  can 
be  demonstrateil  more  easWy  than  can  the  microbial  toxins.  We  nnist 
first  have  recourse  to  the  alkaloids,  especially  atropin,  wi»ich,  in  this 
respect,  present  numerous  advantages.  We  know  Unit  rabbits  resist 
considerable  doses  of  sulphate  of  atropin,  even  when  tins  poison  is 
injected  directly  into  the  blood.  On  the  otiier  hand,  when  it  is 
introduced  into  the  brain,  according  to  Roux  and  Borrel's  method, 
eren  small  (piantities  are  quite  sufficient,  as  demonstrated  by  Cal- 
mette^  to  produce  a  fatal  poisoning.  The  intracerebral  injection 
of  the  one-hundredth  part  of  a  dose  which,  when  introduced  into  the 
circulation  of  the  rabbit,  pntduces  no  disturbance,  in  the  same 
animal  at  the  end  of  a  few  minutes  sets  up  an  enormous  pu])illary 
dilatation  with  symptoms  of  very  lively  excitation,  increase  of  the 
reflexes,  and  general  anaesthesia.  These  phenomena  are  succeeded 
by  paralysis  and  death,  which  supervenes  three  or  four  hours  after 
the  injection.  The  natural  imnuiiuty  of  the  mbbit  against  atropin 
fiills  therefore  into  the  same  ciitegory  as  that  against  morphin.  It 
ia  not  due  to  the  innate  insusceptibility  of  the  nerve  cells,  but  to 
something  which  prevents  the  atkidoid  from  reaching  these  living 
elements.  With  the  object  of  ascertaining  the  mechanism  of  this 
immunity,  Calmette  injected  into  the  veins  of  rabbits  a  fairly  large 
quantity  of  sulphate  of  atropin  (0*2),  he  then  bled  these  animals  and 
colUTted  from  their  blood  the  plasma  and  the  white  corpuscles, 
separating  them  by  centiifugjilisation.  When  injected  into  the  brain 
of  other  rabbits,  these  constituents  of  the  blood  did  not  act  in  the 
same  way.  Whilst  large  doses  of  plasma  set  up  merely  a  short  perio<l 
of  excitation  and  a  very  transitory  pupillary  dilatation,  corresponding 
quantities  of  leucocytes  caused  grave  disturlmnces,  sometimes  followed 
by  death  in  from  seven  to  twelve  hours.  Calmette  concludes  from  his 
researches  that  the  atropin  does  not  remain  in  the  fluid  part  of  the 
blood,  since  mere  traces  of  it  are  found  in  the  scrum,  but  that  it  is 

'  "Ciaqaanten;iire  de  In  Société  de   Biologic,"  Volume  jubilaire,   Paris,  1899, 
p.  202. 
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[418]  seized  and  absorbed  almost  imme<li;itely  by  the  leucocytes^  This 
result  has  beeu  coufirnied  by  Lombard-  by  another  series  of  experi- 
nieutâ.  After  injecting  very  large  quantities  of  sulphate  of  atropiu 
into  rabbits  and  guinea-pigs,  he  bled  these  animals  and  separate*! 
out  the  elements  of  their  blood.  Instead  of  introducing  the^e 
elements  into  the  brain  of  rabbits,  he  injected  them  into  cat:», 
animals  very  sensitive  to  atropiu.  The  cats  which  received  the  i-etl 
coq>uscles  and  the  plasma  exhibited  very  insignificant  symptoms  of 
poisoning.  Those,  on  the  other  hand,  which  were  injected  with  a 
corresi)ondi«g  quantity  of  leucocytes,  had  much  graver  symptoms  of 
intoxication,  such  as  photophobia  with  maximal  pupillary  dilatation, 
dysphagia  and  persistent  diarrhoea. 

It  is,  therefore,  to  the  absorption  of  the  atropin  by  the  leucocytes 
that  naturally  refractory  animals  owe  their  imnninity,  an  immunity' 
which  is  very  marked  in  spite  of  the  susceptibility  of  the  nervous 
elements  of  these  animals.  We  have  been  able  to  obtain  this  result 
thanks  to  tlie  deliciite  physiological  reactions  obtained  with  certain 
alkaloids.  As  regards  arsenic  the  demonstration  could  be  pushed 
even  further,  for  the  absorivtion  of  this  mineral  poison  by  the 
leucocytes  has  teen  established  by  chemical  analysis. 

When  engaged  in  my  researclies  on  the  leucocytic  phenomena  m 
intoxications  1  succeeded"  in  showing  that  in  rabbits  subjected  to 
rapidly  fatal  doses  of  arsenious  acid,  there  is  a  marked  diminution  In 
the  number  of  white  corpuscles  iu  the  blood.  On  the  other  hand, 
iu  rabbits  habituated  to  arsenic,  the  same  doses  which  brought  about 
hypoleucocytusis  and  death  of  the  control  rabbits,  induce*!  a  con- 
siderable rise  in  the  number  of  leucocytes.  Later,  Besredka*  made 
continuous  and  detailed  researches  uj)on  this  subject  and  obtained 
most  interesting  results.  In  order  to  simplify  the  conditions  of 
experiment,  he  studied  the  reaction  of  tlie  organism  of  the  animal 

[417]  after  the  introduction  of  a  red  trisulphide  of  arsenic",  a  not  very 

'  The  rapid  liisappcai'ancoi  of  poiamis  fruin  tlio  blood  is  proved  also  by  the  ex- 
periments <»f  voii  Behring,  Diiiiitz,  Decroly  aiul  Roilhso  {Arch,  internal,  dt  Pharma' 
codyn.,  Gund  ot  Parin,  1899,  t  vi,  p.  211)  tni  snake  venom  and  dipfithorift  and  tottuiiu 
toxins,  as  likewise  by  those  of  Heyuiaiia  and  Miusoin  {Ibid.,  luOl,  t.  vin,  p.  1)  on  the 
malonic  and  pyrotarttric  iiitriteic  TiiCHe  poiii-on»,  within  a  few  miiiaus  of  Uieir 
iujectiou  into  the  reiim,  are  absorbed  by  the  celS  cleitients. 

*  "Contribution  k  l'élude  physiologique  du  leucocyte,"  Paria,  1901,  p.  39. 

*  Ami.  de  Tlmt.  PaiUirr,  Paria,  18114.  t.  vm,  p.  719. 

«  Ann.  de  fltist.  Peuteur,  l'an»,  1899,  U  zui,  pp.  49,  209. 

'  tiee  Besredka,  op.  cit.,  p.  .SO,  for  its  approximate  comj)OBition  and  diatinctioD 
from  ordinary  yellow  trisulphide. 


soluble  salt,  easily  recognisable  by  its  colour  and  markedly  toxic 
When  non-letbal  doses  of  this  salt  were  injected  into  the  peritoneal 
cavity  of  the  guinea-pig,  there  was,  firet  a  transitory  fidl  in  the 
number  of  the  white  corpuscles  in  the  peritoneal  fluid,  followed  by  a 
hyperleucocytosis  of  the  mast  marked  character.  Of  the  leucocytes 
accumulated  in  the  exudation  the  macrophages  almost  exclusively 
seized  the  yellowish-red  granules  of  the  trisulphide  of  arsenic. 
Very  shortly,  the  whole  of  the  salt  injected  was  found  within  the 
peritoneal  leucocytes,  and  the  animals  in  which  this  marked  phago- 
cytoeifl  occurred  remained  in  good  health.  The  ingested  granules 
could  be  observed  for  several  days  in  the  macrophages  ;  but  in 
course  of  time,  these  arsenical  particles  were  broken  up  into  very 
small  granules  and  idtimately  disappeared.  Here,  then,  we  have  an 
intraphagocytic  solution  of  the  trisxdphide  of  arsenic  and  very  pro- 
bably a  transformation  of  this  salt  into  some  other  ai-senical  combina- 
tion, innocuous  to  the  animal.  This  soluble  substance  escapes  from 
the  macrophages  and  is  finally  excreted  by  the  urinary  passages. 

Since  the  phagocytes  ingest  the  trisulphide  of  arsenic  and  render 
it  innocuous,  it  was  to  be  anticipated  that  the  elimination  of  these 
protective  cells  would  lead  to  a  fatal  poisoning  by  doses  which,  under 
normal  conditions,  are  readily  withstood  by  guinea-pigs.  ^Vhen 
Besredka  used  sacs  of  reed-pith  containing  non-fatal  quantities  of 
the  red  trisulphide  and  introduced  them  into  the  peritoneal  cavity 
of  guinea-pigs  these  animals  were  not  long  in  exhibiting  symptoms 
of  poisoning  and  died  at  tlie  end  of  a  longer  or  shorter  period,  this 
varying  with  the  amount  of  poison  introduced.  Even  when  the 
phagocytic  reaction  had  been  impaired  as  the  result  of  a  previous 
injection  of  carmine  powder,  the  guinea-pigs  died  after  doses  of 
trisulphide  of  arsenic  which,  under  ordinary  conditions,  did  not  kill 
them.  The  phagocytes  in  this  experiment  devoured  numerous  grains 
of  carmine  and  were  rendered  incapable  of  ingesting  enough  of  the 
trisulphide  of  arsenic  to  save  the  animal.  On  the  other  hand,  when 
Besredka  set  up  a  previous  accumulation  of  macrophages  in  the 
peritoneal  cavity  of  his  guinea-pigs,  he  succeeded  in  rendering 
these  animals  resistant  to  doses  of  trisulphide  of  arsenic  that,  under 
normal  con<litions,  were  fatal.  The  whole  of  these  facts  converge 
to  show  that  the  phagocytes,  thanks  to  their  power  of  seizing  the 
trisulphide  of  arsenic  and  of  modifj-ing  it  within  them,  exercise  a 
beneficent  and  immunising  action  on  the  orgimism  of  the  animal.  [418] 
The  analogy  of  the  main  facts  concerning  this  protective  intlueuce 
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with  that  observed  in  the  immunity  against  infective  micro-organistos 
is  indeed  very  considerable. 

Having  determined  the  part  played  by  tlie  macrophages  in  the 
resistance  of  the  organism  of  the  animal  against  a  not  very  soluble 
salt  of  arsenic,  Besre<lka  proceeded  to  study  tlie  leucocytic  phenomena 
in  poisoning  by  soluble  arsenical  compo\ui<ls.  In  his  experiments 
he  made  use  of  potassium  ai*senite  and  he  found  that  when  lethal 
doses  were  injected  the  guinea-pigs  showed  a  diminution  of  leuco- 
cytes iu  the  blood  in  less  than  24  hours,  wliilst  with  non-lethal  dose», 
he  produced  a  marked  hyperlcucocytosis.  When  he  injected  lethal 
doses  into  rabbits  accustomed  to  areenic,  these  animals  manifc!>ted 
an  increase  of  white  corjiuscles,  just  as  in  auimals  injected  with  non- 
lethal  doses.  These  oscillations  iu  the  number  of  leucocytes,  like 
those  which  have  been  observed  after  poisoning  by  trisulphide  of 
arsenic,  cerLiiuIy  indicate  that  the  organism  and  its  defensive  cells 
behave  in  the  same  way  to  both  slightly  soluble  and  very  soluble  salts 
of  arsenic.  In  the  first  case  it  was  easy  to  demonstrate  that  the 
accumulation  of  leucocytes  iu  the  blood  and  in  the  peritoneal  exii- 
<lation  terminated  in  the  ingestion  of  the  granules  of  trisulphide. 
With  potassium  araeiute,  it  was  not  so  easy  to  prove  the  point;  a 
chemical  analysis  of  the  elements  of  the  blood,  however,  has  given 
a  decisive  answer.  After  injccttug  the  lethal  dose  of  this  soluble 
salt  into  rabbits  accustomed  to  arsenic,  Besrcdka  bled  them  in  order 
to  separate  the  plasma,  leucocytes  and  red  corpuscles.  Several 
experiments  made  on  these  rabbits  gave  a  concordant  result  which 
this  observer  sums  up  thus:  "Altfmugh  the  bulk  of  plasma  and  of 
led  corpuscles  was  much  greater  than  that  of  the  leucocytes,  it  was 
in  the  latter  only  that  arsenic  was  found  "  by  chemical  analysis.  It 
was  only  in  those  cases  where  the  animals  survived,  and  mauifested 
hyperlcucocytosis,  that  Besrcdka  succeeded  iu  demonstrating  the 
presence  of  arsenic  in  the  white  corpuscles. 

These  experiments,  excluding  any  doubt  as  to  the  protective  part 
played  by  the  leucocytes  against  arsenical  intoxication,  of  course 
suggested  the  idea  of  investigating  whether  the  nerve  elements,  sub- 
mitted to  the  direct  influence  of  potassium  arscnite,  exhibit  any  real 
susceptibility  to  this  poison.  The  injection  of  solutions  of  this  salt 
[419]  into  the  brain  demonstrated  that  the  one-hundredth  part  of  an  ordi- 
nary lethal  subcutaneous  dose  was  suMicient  to  cause  ftital  poisoning. 
This  fact,  tlieu,  falls  into  line  with  other  facts,  alresvdy  nimierous,  as 
to  the  susceptibility  of  the  uerve  centres  to  microbiid  toxins,  alkaloids 


nnd  other  poisons.  But  in  the  case  of  potassinm  arsenite,  it  was 
even  more  easily  demonstratetl  than  in  the  other  cases  that  immunity 
natural  or  acquired,  ia  connected  with  the  absorption  of  the  poison 
by  the  leucocytes.  These  cells,  themselves  much  less  susceptible  to 
the  toxic  action  than  are  the  nerve  elements,  protect  them  from 
contact  with  the  poison. 

It  is  manifest  that  arsenic  is  not  the  only  mineral  substance 
capable  of  being  absorbed  by  the  phagocytes,  and  there  are  already 
on  record  well  established  facts  in  support  of  this  thesis.  Some  time 
previous  to  the  researches  on  arsenical  poisoning  just  summarised, 
Kobert,  then  in  Dorpat,  set  his  pupils,  Stender,  SamoUofF,  Lipsky 
and  others^  to  make  systematic  researches  on  the  fate  of  iron  in 
the  animal  organism.  For  this  purpose  tlieso  observers  made  use 
of  a  very  soluble  preparation  of  iron — or  better  expressed,  as 
soluble  as  possible — Dr  Horneraann's ycrr»m  oxydatum  aaccharatum 
solubile,  wliich  does  not  precipitate  in  alkaline  media.  They  proved 
that  a  small  quantity  of  the  iron  introduced  into  the  animal  is 
eliminated  by  the  kidnejs  and  the  wall  of  the  intestine,  but  that 
the  greîiter  part  of  the  metal  is  arrested  in  the  organs,  especially 
the  liver,  spleen  and  bone  marrow.  The  iron  is  there  al>8orbed 
by  the  leucocytes  which  hold  it  for  some  time  and  then  throw  it 
into  the  intestine. 

I  have  had  the  opportunity  of  observing  this  circulation  of 
Dr  Honiemann's  soluble  salt  in  the  organism  of  several  species  of 
vertebrates.  Some  time  after  its  introduction  into  the  organism  by 
the  blood  vess^els,  peritoneally  or  subcutaneously,  the  iron  may  be 
found  (by  means  of  the  microchemical  reaction  with  potassium 
ferrocyanide)  accumulated  in  the  various  phagocytes,  especially  the 
leucocytes,  the  stellate  Kupffer's  cells  of  the  liver  and  the  macro- 
phages of  the  splenic  judp.  The  non-pliagocytic  cells,  as,  for  example, 
Ehrlich's  basophile  leucocytes,  so  abundant  in  the  lymph  of  rata, 
take  up  very  little  of  this  iron,  although  the  macrophages  and  micro- 
I>hages  are  full  of  it*.  Against  these  facts  Weigert^  has  advanced  [-120] 
the  objection  that  the  leucocytes  absorb  only  the  iron  precipitated 
in  the  form  of  granules,  but  my  own  researches  allow  of  no  doubt 
tliat  not  oidy  granular  but   dissolved  iron  is  absorbed.    This  dis- 

'  Arb.  d.phannak.  Imtit.  x.  Dorpat,  1893,  1894,  Bde  vii— x. 
*  Ann,  de  I'/ntt.  Patleur,  Pari»,  I8D4,  L  vui,  p.  719. 

»  Labanch  u.  Ostortag'i  Ergebniue  d.  ailg.  Path.,  Jahrg.  iv  for  1897, 
Wiesbaden,  JS09,  8.  107. 
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cussioD,  however,  loses  much  of  its  importance  in  view  of  the  results 
obtained  with  potassium  arsenite. 

According  to  Samoïloff^  soluble  salts  of  sUver  in  the  animal 
organism  undergo  a  fate  similar  to  that  of  Hornemann's  soluble  iron 
salt  and  are  absorbed  by  the  phagocytic  elements.  It  must  be  noted, 
further,  that  according  to  the  experiments  of  Amozan  and  Mon  tel-, 
the  leucocytes  absorb  such  drugs  as  calomel  and  salicylate  of  soda. 

These  observations  all  clearly  show  that  the  phagocytes  must  not 
be  looked  upon  as  cells  capable  of  seizing  merely  the  dead  bodies  of 
micro-organisms  and  of  animal  cells,  always  fearing  and  avoiding 
poisons  and  only  able  to  come  forward  when  protected  by  some  other 
antitoxic  function.  The  phagocytes  no  doubt  often  exhibit  a  negative 
susceptibility  for  many  poisons,  when  these  are  introduced  into  the 
animal  organism  in  too  large  a  quantity.  But  these  cells  are  most 
resistant  to  toxic  substances  and  protect  the  higher  elements  from 
the  poison.  Under  these  conditions,  it  is  quite  natural  to  assign  to 
the  phagocytes  the  rôle  of  the  fighting  agents  of  the  animal  organism 
against  poisons  and  we  may  even  enquire  whether  these  elements  do 
not  pro<luce  the  antitoxins.  It  has  been  pointed  out  that  it  is  very 
difficult  to  attribute  this  function  to  the  cells  susceptible  to  the  toxic 
action, — the  spermatozoa  in  the  production  of  antispermotoxin,  the 
red  blood  corpuscles  in  the  development  of  antihaemotoxin,  or  the 
nerve  cells  in  the  production  of  tetanus  antitoxin.  Moreover  since, 
according  to  Ehrlich's  theory,  it  is  only  the  haptophore  group  which 
excites  the  formation  of  antitoxins  on  the  part  of  the  elements  which 
possess  the  corresponding  receptors,  it  is  quite  possible  that  the 
phagocytes,  thanks  to  the  facility  with  which  they  absorb  the  poisons, 
occupy  an  important  place  as  producers  of  antitoxins.  I  have  already 
[421]  formulated  this  hypothesis,  and  several  investigators,  amongst  whom 
may  be  cited  Gautier'  and  Courmont*,  have  received  it  favourably, 
though  in  the  imperfect  state  of  our  knowledge,  it  cannot,  as  yety 
be  fully  demonstrated.  It  might  perhaps  be  objected  against  this 
hypothesis  that  in  many  instances,  after  the  injection  of  micro- 
organisms living  or  dead,  in  spite  of  a  vigorous  leucocytic  reaction 
the  organism  of  the  animal  does  not  produce  any  antitoxin.    In  such 

»  Arb.  d.  pharmak  Inttit.  z.  Dorpal,  1893,  Bd.  ix,  8.  27. 

*  Commnnication  to  the  Xlllth  Intern.  Congress  of  Medicine  in  Pans,  1900. 
'  "  Les  toxines  microbiennes  et  animales,"  Paris,  1896. 

*  In  Bouchard's  Traité  de  Patlwlogie  générale,  Paris,  1900,  t  ra,  2~  partie, 
article  "  Inflammation." 
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»,  there  i«  clearly  a  «levclopment  of  antibodies,  such  as  the 

itives,  whose  pliugocytic  origin  may  reasonably  be  claimed,  but 
110  true  antitoxins.  It  must  not  be  forgotten,  however,  that  the 
varioug  kinds  of  phagocytes  present,  amongst  themselves,  great 
«liflTerences,  and  that  perhaps  certain  only  of  these  elements  are 
^capable  of  pro<Uicine;  antitoxins.  When  micro-organisms,  living  or 
deafl,  are  introduced  into  an  animal  it  is  found  that  antitoxins  do  I 
not  as  a  rule  appear  in  the  fluids;  in  these  cases  the  rcivction  is  ' 
set  up  mainly  by  tlie  microiihages.  The  macrophages  represent 
the  principal  source  of  antitoxins.  In  cases  where  these  phagocj'tes 
ingest  the  micro-organism  the  blood  exhibitn  an  undoubted  antitoxic 
power.  Such  is  the  case  with  bubonic  plague  in  the  human  subject, 
where  the  micro-organism  is  readily  nigcï^ted  by  the  macrophages. 
Here  we  obtain  antitoxic  senims  even  after  the  introduction  of  living 
or  dead  organisms  into  the  animal,  a  fact  observed  by  Iloux  and 
his  collaborators.  Another  fact  in  favour  of  the  hypothesis  I  am 
defending  is  funnshed  to  us  by  the  cayman.  \s  noted  above,  this 
reptile,  of  all  known  animals,  supplies  antitoxins  most  qnickly  and 
easily.  In  the  cayman  the  leucocytic  system  is  composed  of  eosino- 
phile  microphages  filled  with  granules,  and  of  macrophages.  As  the 
eosinophile  cells  are  only  very  weakly  phagocytic,  it  is  the  macro- 
phages almost  exclusively  which  intervene  in  the  reaction  against 
the  micro-organisms.  It  is  probable,  then,  that  in  the  cayman  and 
in  animals  inoculated  with  the  plague  bacillus  the  exclusion  of  the 
microphages  from  the  stniggle  constitutes  a  factor  favourable  to  the 
proiluction  of  antitoxins  and  at  the  same  time  favourable  to  the 
manifestation  of  the  activity  of  the  macrophages. 

If  the^e  latter  phagocytes  play  the  primary  rôle  in  the  excretion  \ 
of  antitoxins  in  the  fluids  of  the  body  we  should  expect  to  find  this  [*22l 
function  exercised  not  only  by  the  motile  macrophages  of  the  blood  J 
and  lymph,  but  also  by  the  fixed  macrophages,  so  widely  difiiised  ' 
through  almost  all  the  organs. 

I  advance  this  hypotliesis  for  what  it  is  worth,  simply  as  a  guiding 
idea  for  new  researches  in  this  field,  of  which  so  much  is  still  un- 
known ^    The  brief  account  of  the  actual  state  of  the  question  of 


*  Riimer's  recent  researches  {Arch.  f.  Ophlh.y  Loipzijf,  1901,  Bd.  tn,  8.  72)  on 
»nt<-abrin  accord  very  well  with  our  liTpothcsis,  Ho  was  able  to  demonstrate  timt 
the  spleen,  tlio  bone-inarrow,  and  the  conjunctiva  of  the  eye,  when  submitted  to  the 
ititlueiice  of  nbrin,  contain  u  uot&ble  quantity  of  aoli-abriu.  ^'ow  these  tliree  orKau» 
arc  verj'  rich  lu  phagocytes. 
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artificial  immunity  a^inst  toxins,  has  indicated  to  us  that  this  is  a 
problem  far  more  difficult  of  solution  than  is  that  of  acquired  im- 
munity against  micro-organisms.  The  mere  fact  that  these  latter 
can  still  be  foimd  some  hours  or  even  days  after  their  entry  into 
the  refractory  aiiinial,  affords  a  great  advantage  in  these  researches 
as  compared  with  those  on  toxins  vrhich  are  lost,  often  almost  imme- 
diately, after  their  injection.  Consequently  our  knowledge  of  anti- 
microbial immunity  is  more  advanced  than  is  that  on  immunity  against 
the  soluble  products  of  micro-org:anisms. 

The  facts  narrated  in  this  chapter  support  the  thesis  I  have 
defended  on  the  subject  of  immunity  against  micro-organisms — that 
antimicrobial  immimity  in  no  way  depends  on  a  previous  resistance 
against  the  toxins.  As  a  general  rule  the  immunity  against  naicro- 
organisms  is  developed  more  readily  than  the  immunity  against 
their  toxic  products  and  at  an  earlier  stage. 

Although  much  still  remains  to  be  done  in  the  elucidation  of  the 
mechanism  of  antitoxic  immunity,  the  principal  data  acquired  on 
the  subject  of  this  immunity  have  undoubtedly  led  to  applications  of 
the  higlie^t  importance,  as  will  be  set  forth  in  one  of  the  foUowing 
chapters. 
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IMiVrUNITY  OF  TUE  SKIN  AND  aiUCOUS  ]MEMBRANES 

Protective  function  of  the  akin. — Exfoliation  of  the  epidermis  ns  n  means  of  riddin^f 
the  animal  of  niicro-org'iuiiBnis. — Lucalisiittuii  and  arrest  of  miuru-orgituisma  it» 
the  dermis. — Intervention  of  phnRocytes  in  the  defence  of  the  skin. 

Elimination  of  micro-organisuis  by  the  conjunctiva. — Microbicidal  function  of  the 
tears. — Absorjition  of  toxins  by  the  conjunctiva, — Protection  of  the  cornea.— 
EliuiuHtion  of  luicro-organisms  by  the  uan&l  mucosa. — Protection  by  tlie  respi- 
r«tf»ry  channels, — Duat  cells, — Absorption  of  poisons  by  the  respiratory  chsuinela. 

Alleged  microbicidal  property  of  the  Kilivn. — Part  played  by  microV)ial  products  in 
the  protection  of  the  Imccal  cavity.— Antitoxic  function  of  the  saliva. 

Antiseptic  action  of  the  gastric  juice. — Antitoxic  function  of  pepsin. 

Protective  function  of  the  alimentary  canal. — Absence  of  microbicidal  power  from  the 
intestinal  ferments. — Protective  function  of  the  bile. — Antitoxic  rôle  of  tlie 
digestive  ferments. — Favouring  and  retarding  functions  of  the  intestinal  micro- 
organisms.— Destruction  of  toxins  by  these  micro-orgraniMms. 

Defensive  rôle  of  the  liver.  Protective  function  of  the  lymphoid  organs  of  the 
alimentary  canal. 

Protective  function  of  the  mucous  membrane  of  the  genital  organs. — Autopurifica- 
tion  of  the  vagina. 

Ik  the  preceding  chapters  the  phenomena  of  immunity  which  are 
exhibited  within  the  animal  body  in  wtiich  the  portals  were  open  for 
the  penetration  of  the  micro-organisms  and  their  poisons  have  been 
studied.  We  had  to  deal  almost  exchisively  with  experimental  im- 
munity, tlie  study  of  which  constitutes  the  basis  of  our  present 
knowledge  concerning  the  general  problem  of  immunity.  In  natural 
immunity,  however,  things  do  not  follow  the  same  course.  The  raicro- 
orgiinisms  and  their  toxins  are  not  introduced  directly  into  the  tissues 
and  blood  by  means  of  a  syringe  or  other  instrument  The  micro- 
organisms have  to  make  their  own  way  through  the  skin  and  the 
mucosae,  tissues  which  offer  a  resistance  more  or  less  serioujs  and 
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effective  ;  or  they  may  have  to  take  up  tlicir  abode  in  the  cavities  of 
the  animal  organism,  in  order  that  they  may  be  able  to  inundate  it 
with  their  poisons.  We  must  here  review  briefly  these  natural  banùera 
to  microbial  invasion. 

Tlie  skin  constitutes  a  protective  covering  of  great  inii>ortance  ia 
[424]  connection  with  the  preservation  against  microbial  invasion  of  the 
delicate  parts  of  an  animaL  In  many  of  the  lower  and  higher  animals, 
and  even  in  man  himself,  the  skin  becomes  the  seat  of  a  microbial 
flora,  often  very  abundant,  in  Mliich  may  be  found,  in  addition  to 
certain  inoftbnsive  organisms,  other  minute  parasites  more  or  le«s 
harnvfuL  The  p^ogeniic  cocci,  staphylococci  and  streiitococci,  are 
con!*taiitIy  found  on  the  human  skin,  most  frequently  bidden  in  the 
dei)ths  of  the  canals  of  the  hair  follicles.  Tliese  micro-orgîinisms 
seize  every  favourable  opportunity  to  attiick  the  organism,  producing 
such  local  lesions  of  the  skin  as  acne,  pimples,  buils,  and  erysipela.*», 
or  even  becoming  generalised  in  the  blood  and  tissues,  as  in  the 
septicaemias  and  pyaemias.  To  the  skin,  therefore,  must  be  assigned 
a  very  important  function  in  the  prevention  of  the  invasion  of 
raicro-orgîinisnis  which  are  found  constantly  on  the  surface  of  the 
body  or  which,  along  with  all  kinds  of  dirt,  are  brought  there 
accidentally. 

Tlie  skin  is  able  to  fulfil  this  protective  function  from  the  fjict 
that,  in  most  animals,  it  is  covered  with  a  not  very  permeable  layer 
of  some  considerable  thickness.  In  the  majority  of  the  Invertebmta, 
of  all  classes,  the  surface  of  the  body  is  clothed  with  a  chitiuous  layer, 
sometimes  very  thin  and  cajjablc  of  folding  and  following  all  the 
movements  of  the  body  ;  or  again  it  may  be  imjiregnated  with 
calcareous  salts  and  very  hard,  as  in  the  case  of  the  integument  of 
Insects  and  Crastacea,  and  the  shell  of  the  Mollusca.  In  all  cases 
this  cutiincous  sheath  constitutes  a  formidable  obstacle  to  the  entry 
of  micro-organisms.  Even  in  animals  of  very  small  size  the  thin 
cuticle  is  efiective  in  preventing  any  invasion  by  these  parasites. 
Thus  the  SaproJeaniae,  fungi  so  fatal  to  many  aquatic  animals,  are 
often  quite  unable  to  pass  through  this  cuticular  layer.  In  order  to 
pass  this  obstacle  their  germs  must  take  advantage  of  some  flâsure 
or  wound,  produced  by  other  causes.  Daphuluc,  too,  may  often  be 
observed  to  succeed  in  ridding  themselves  of  the  Monospora  with 
its  needle-like  spores  by  means  of  a  mechanism  which  we  have 
already  described  in  chapter  VI.  The  white  corpuscles  of  the  bIoo<I 
surround  the  spores  of  this  parasite  and  transforni  them  into  an 
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innocuous  detritus.  Sometimes,  however,  a  numlier  of  these  fine 
spores  manage  to  perforate  the  cutaneous  investment  of  the  small 
crustacean  ;  quite  a  small  opening  is  made  in  the  chitinous  wall, 
which  in  itself  is  a  source  of  no  danger.  As  soon,  however,  as  a  spore 
of  the  Sdprohgnia  Ki>pruache8  this  opening,  it  immetliately  begins  to 
thrust  a  process  through  the  small  lesion,  and  from  that  moment  the 
fate  of  the  Daphuia  is  sealed.  Incapable  of  opposing  the  slightest  [425] 
phagocytic  resistance  to  the  filaments  of  the  fungus,  it  is  invaded 
throughout  by  the  mycelium  and  soon  dies. 

The  integrity  of  the  skin  being  so  important  for  the  preservation 
of  life,  a  fairly  perfect  mechanism  has  been  elaborated  for  the 
maintenance  of  this  integrity.  All  animals,  no  mutter  what  their 
IKJsition  in  the  animal  scale,  are  liable  to  lesions  ami  wounds  of  the 
surface  of  their  bmlies.  In  the  Daphiiiae  I  have  often ^  observed 
wounds  produced  by  the  bites  of  otlicr  aquatic  animals.  The  surface 
of  these  wounds  soon  becomes  covered  with  a  rich  microbial  vegeta- 
tion. The  leucocytes  are  brought  up  to  the  injured  jxjint  and  there 
pnxiuce  a  protective  layer  ;  but,  at  the  same  time,  a  rapid  proliferation 
of  the  neighbouring  cells  of  the  epidermis  takea  place;  this  closes  the 
MOund  and  separates  the  skin,  bo  reconstituted,  from  the  micro- 
organisms. Everything  resumes  its  original  order  and  the  leucocytes 
soon  disfiersc,  regaining  the  bloo<i  stream. 

These  i)henomena.  which  can  be  readily  observed  under  the 
microscope  in  such  small  and  transparent  animals  as  the  Daphviaf, 
may  sen'e  as  the  prototype  of  those  of  a  number  of  analogous 
processes  in  the  animal  kingdom.  The  thicker  and  more  solid  the 
cuticular  investment,  the  more  fidly  it  guarantees  the  animal  against 
the  penetration  of  micro-organisms.  Cuénot-  ma<Ie  the  observation 
that  Crustacea,  furnished  with  such  a  hard  envelope  as  is  the  carapace 
of  the  Decapods,  are  completely  defenceless  from  the  moment  parasitic 
micro-organisms  make  their  way  into  their  bodies.  These  intruders 
quietly  instal  themselves  in  the  tissues,  without  causing  the  slightest 
phagocytic  reaction,  and  thus  bring  about  the  inevitable  death  of  the 
holt.  The  protection  of  the  animal  in  this  case  is,  so  to  speak, 
AMOciated  with  the  resistance  offered  by  the  uirapace. 

Again,  in  many  of  the  Vcrtebrata,  the  skin  has  a  hard,  thick 
sheath,  e.g.,  the  sciiles  of  fishes  and  of  reptiles.  Man,  with  his 
supple  and  not  very  thick  skin,  is  less  well  endoweil  ;  this,  however, 

'  VireJwtc't  Arcfilr,  ncrlin,  1884,  Bd.  xcvi,  S.  19-2. 
*  Arch,  de  Biol^  Gaud  ct  Leipzig,  1893,  L  xui,  p.  245. 
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does  not  prevent  liim  from  defending  himself  against  tlie  entry  of 
micro-organisms  by  the  cutaneous  path.  Sabouraud^  a  well-known 
dermatologist,  has  given  a  very  concise  and  at  the  same  time  very 
complete  sketch  of  the  part  played  by  the  skin  in  the  protection 
[42fl]  of  the  body  against  micro-organisms  ;  from  this  author  the  following 
data  are  borrowed. 

Tlie  epidermic  layer  sets  up  a  defence  by  the  production  and 
expulsion  of  corneal  cells.  lu  the  normal  course  of  the  life  of  the 
epidermis,  the  cells  of  the  deei>er  layers,  coming  to  the  surface,  be- 
come exfoliated  and  are  thrown  off.  *' There  is  thus  produced,  a 
continual  exfoliation  of  the  dead  layere,  and  a  continual  eviction 
of  such  micro-organisms  as  are  living  on  them.  The  epidermis  is 
dense  and  its  cells  have  a  hard  envelope  ;  the  micro-organism  is 
not  endowed  with  motion,  or  at  least  not  with  sufficient  to  be  of 
service  in  effecting  an  entrance.  It  can  only  penetrate  the  epidermis 
by  multiplication  in  situ,  a  micro-organism  originates  alongside 
another,  another  in  front  of  it,  and  in  front  of  this  again  others.  In 
this  way  they  burrow  between  the  apposed  cells  just  as  a  root 
penetrates  into  the  ground  ;  so  great  is  the  resistance  of  the  homy 
cells  that  we  never  fintl  any  micro-organisms  within  them,  but 
betfleen  them  only"  (p.  734).  The  epidermic  cells,  containing  micro- 
organisms, exfoliate,  and  the  skin  is  thus  ridded  of  them.  Frequently 
the  proces-s,  as  it  goes  on  constantly  and  slowly,  is  invisible;  but 
often,  on  the  other  hand,  it  becomes  exaggei-ated  and  manifests  itself 
in  tlie  form  of  a  cuticular  desquamation  which  leads  to  the  elimination 
of  a  large  number  of  micro-organisms.  The  patient  may  retain  "such 
pellicles  for  ten  years,  and  even  longer,  without  presenting  anything 
else  but  these,  and  there  are  many  other  chronic  squamous  infections 
in  which  the  course  is  uncomplicated  by  even  an  erosion  or  the 
slightest  wound." 

The  connective  tissue  of  the  human  skin  is  also  fully  able  to 
defend  itself  ;  it  is  extremely  vigorous  and  represents  a  real  obstruct- 
ing and  resisting  tissue.  Tiie  penetration  of  parasites  sets  up  in  it 
a  thickening  of  the  fibrous  tissue  ;  this  effects  a  localisation  of  the 
microbial  focus.  To  appreciate  the  effectiveness  of  this  dermic  de- 
fence, we  have  only  to  compare  the  slow  growth  of  lupus,  a  form  of 
cutaneous  tuberculosis,  with  that  of  tuberculosis  of  the  lungs  and 
other  viscera,  or  the  slow  evolution  of  fare)',  or  cutaneous  glanders, 
M'ith  that  of  the  visceral  form  of  the  disease. 

1  Ann.  de  dennat,  et  de  typh.,  Piwia,  190O,  t.  x,  p.  729. 
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If  we  exîiinine  more  closely  the  process  by  whicli  the  dermis  sur- 
rounds the  intruders  with  a  fibrous  capsule,  we  readily  recognise  in  it 
a  reaction  of  the  macrophages  of  the  skin.  In  lupus  these  phagocytes 
seize  the  tubercle  bacilli,  combining  to  form  giant  cells  and  giving 
rise  to  an  exaggerated  development  of  the  connective  tissue  fibres. 
Moreover,  when  the  skin  is  menaced  with  a  microbial  invasion,  not 
only  the  load  macrophages  but  tlie  leucocytes  are  mobilised.  The  [-127] 
migratory  white  corpuscles  travel  through  the  epidermis  and  the 
connective  tissue  layer.  In  spite  of  the  absence  of  a  lynipliatic 
circulation  in  the  epidermis,  the  leucocytes  penetrate  into  this  layer 
"and,  in  a  section  through  the  normal  epidermis,  it  is  very  rare  not  to 
find  here  and  there  some  deformed  and  flattened  leucocyte,  surpriseil 
just  as  it  was  creeping  between  the  cells  of  the  rete  mm-osa  or  of  tlie 
strulmn  graniilotnim."  Immediately  that  the  epidermis  or  the  dermis 
finds  itself  menaced  with  a  microbial  invasion,  an  accumulation  of 
leucocytes  of  all  kinds  is  produced  at  once  ;  this  may  remain 
microscopic  or  it  may  assume  proportions  visible  to  the  naked  eye. 
Frequently  the  subjacent  epithelium  throws  ofif  epidermic  scales 
which  are  filled  with  leucocytes  ;  often  also  the  leucocytic  foci  in 
the  (lennis  become  emptied,  the  micro-organisms  being  expelled 
along  with  their  enemies  the  phagocytes. 

The  tissues  of  the  skin  proper  defend  themselves  against  micro- 
orgj\nisms  as  well  as  they  are  able  ;  but  so  soon  as  the  danger 
becomes  serious  there  is  sent  to  their  succour  a  whole  army  of  mobile 
phagocytes.  This  example  of  the  defence  made  by  the  cutaneous 
investment  may  serve  as  a  prototyjie  of  that  of  every  other  region 
of  the  body.  Alongside  a  local  action,  there  is  always  an  intervention 
of  mobile  phagocytes  ;  but  when  this  action  becomes  insufiicient, 
a  much  more  abundant  accumulation  of  leucocytes  than  is  found 
in  ordinary  cases  is  immediately  produced. 

Like  the  skin,  the  mucous  membranes  are  invested  with  an 
epithelial  layer,  which  serves  as  a  barrier  to  the  entry  of  micro- 
organisms. But  whilst  the  surface  of  the  normal  skin  is  dry  or  barely 
moistened  by  the  secretory  products  of  the  cutaneous  glands,  the 
mucous  membranes  are  always  humid,  a  condition  favourable  to  the 
multiplication  of  micro-organisms.  Hence  the  mucous  membranes 
which  are  most  exposed  to  contact  with  the  air  and  with  external 
objects,  always  contain  a  larger  or  smaller  number  of  organisms, 
amongst  which  the  i>athogenic  species,  notably  staphylococci,  pneumo- 
cocci  and  streptococci,  are  the  most  common.    The  part  played  by 
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the  aTiimal  organism  in  getting  rid  of  these  micro-organisms  becomes 
more  complicated  than  iu  the  case  of  the  defence  made  by  the  skin 
Tlie  firat  of  the  mucous  membranes  to  be  exposed  to  contamination 
by  micro-organisms  is  the  conjunctiva  of  the  eye.  At  the  moment 
of  birth  it  is  in  contact  with  tlie  vaginal  mucous  membrane  and 
acquires  from  it  some  of  its  micro-organisms,  botli  innocuous  and 
pathogenic.  Tears  fulfil  the  function  of  averting  the  danger  resulting 
[428]  from  this  proximity  and  from  the  presence  of  micro-organisms  in  the 
conjunctival  sac  in  general.  Ophthalmologists  have  shown  that  these 
tears  transport  the  organisms  into  the  nasjil  cavity  bj'  means  of  the 
hichrymal  canal.  To  determine  this  jioint  Bach^  introduced  a  number 
of  Kiel  water  bacilli  along  with  pyogenic  staphylococci  into  the  con- 
junctival sac  of  various  individuals,  Seediiigs  made  with  the  tears 
showed  a  very  rapid  disaj)i)earance  of  the  two  organisms,  which  passed 
into  the  nose  where  their  presence  could  be  demonstrated  by  making 
phite  cultures  of  the  nasal  mucus.  Enormous  numbers  of  the  Kiel 
bacilli,  introduced  into  the  conjunctival  sac,  were  all  transferred  to 
the  nasal  cavity,  on  the  average,  by  the  end  of  hal fan-hour.  The 
pyogenic  staphylococci  persisted  on  the  surface  of  the  conjunctiva 
for  a  longer  period,  but  they  also  passed  in  lai'ge  uiunbci"8  through 
the  lachrymal  canal  into  the  nose. 

Certain  observers,  notably  Bernheim*,  thought  that  the  tears, 
in  addition  to  their  purely  mechanical  defensive  action,  were  capable 
of  destroying  the  micro-organisms  by  their  microbicidal  power. 
Bach^  submitted  this  que^vtiun  to  a  minute  examination  and  came  to 
the  conclusion  that  several  sijccies  of  bacteria,  inttx)duced  /;*  vitro 
into  the  teal's  of  healthy  persons  or  of  those  who  were  suffering 
from  conjunctivitis  or  certain  other  ocular  disciises,  disappeared 
somewhat  rapidly.  Comparative  experiments  with  teara  previously 
heated  to  58°  and  even  to  70^0.,  iu  most  cases  gave  the  same 
results,  tliat  is  to  say,  they  caused  a  ruiiid  disappearance  of  the 
organisms  introduced.  From  these  facts  the  author  concluded  that 
it  is  probably  to  the  salts  contiiined  in  the  tears  that  their  bacteri- 
cidal action  is  due.  Cnntrol  experiments  made  with  physiological 
saline  solution  and  with  various  mixtures  of  miucml  salts  met 
with  in  the  tears  have  been  found  by  Bach  to  cause  a  like 
disapi>carance  of  the  same  species  of  organisms.    Well  water,  and 

«  von  Graefe's  Arch.  f.  Ophth.,  Leipiiff,  1894,  Bd.  XL.  S.  130. 

'  Deutschiuauu's  Beitr.  z.  Augcnheilk,  Hamburg  u.  Leipzig,  1893,  Hft,  vm, 

*  op.eiL  supra. 
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even  distilled  water,  gave  the  same  result  In  all  tliese  cases  it  is 
evident  that,  in  the  tears,  there  is  no  bactericidal  cjtasc  comparable 
with  that  found  in  the  serums  and  other  bo<ly  fluidn  vrhich  may 
contain  this  phagocytic  diastase.  The  experiments  with  heated  tears 
demouâtrate  this  clearly.  On  the  other  hand,  these  same  experiments 
lead  one  to  suppose  that  the  diminution  and  even  the  disappearance  [429] 
of  the  micro-organisms  in  the  tears,  is  due  to  a  large  extent,  and 
(perhaps  completely,  to  an  agglutinative  action  of  the  salts,  a  fact 
which  has  been  demonstrated  by  several  observers. 

In  all  these  cases  it  is  indisputiiblc  that  the  mechanical  part 
played  by  the  tears  is  the  most  important  of  the  defences  offered 
by  the  conjuiK-tiva  of  the  eye  against  the  microbial  invasion.  That 
this  defence  is  not  always  sufficient  is  proved  by  the  frequency  of 
conjunctivitis,  as  well  as  by  the  ease  with  which  certain  micro- 
organisms, inoculated  into  the  coi\juDctival  sac,  set  up  a  general 
infection.  This  is  specially  the  case  with  the  eoccobucillus  of 
human  plague.  When  it  is  intix)duced  into  the  conjunctival  sac 
of  susceptible  animals  (rot,  gtiinea-pig,  &c.),  it  passes  thence  into 
the  nasal  cavity  and  soon  produces  a  generalised  and  fiital  infection. 
The  coiyunctival  membrane,  even  when  perfectly  intact,  readily 
alisorbs  certain  poisons.  Everyone  knows  the  rapidity  with  which 
atropin,  when  introduced  into  the  conjunctival  sjic,  causes  dilatation 
of  the  pupil.  But  the  mucous  membrane  may  serve  also  as  the 
port  of  entry  for  toxins  of  microbial  origin.  Several  observers, 
and  ef^pecially  Morax  and  Elmassian\  have  deraonstratt*<l  that  the 
diphtheria  poison  placed  u|K)n  an  unbroken  conjunctival  membrane, 
where  the  epithelial  layer  is  unii^ured,  sets  up  local  lesions  which 
progress  very  slowly  but  which  terminate  in  the  formation  of  actual 
false  membranes.  Nevertheless,  it  muet  be  admitted  that  the  intact 
epithelial  layer  of  the  conjunctiva  exerts  a  certain  defensive  action 
iigainst  the  penetration  of  toxins,  although  a  very  slight  lesion  of  this 
layer  will  allow  of  the  ready  absorption  of  the  diphtheria  poison  and 
the  formation  of  false  membranes. 

The  coniea  like^vise,  so  long  as  it  is  intact,  exhibits  a  marketl 
resihtance  against  the  penetration  of  micro-organisms  and  of  toxins. 
^Vlien  it  liecomes  injured  in  any  way  its  epithelium  is  repaired  with 
great  rapidity,  as  has  been  well  demonstmtcd  by  Ranvier-.  who  has 
ehuwu  that  the  walls  of  the  wound  close  by  a  process  of  epithelial 

^  Ann.  de  fintt.  Piuteur,  Paris,  1898,  t  lii,  p.  310. 
*  Arch.  daniU.  mieroêc,  Fmris,  189S,  t  u,  pp.  44,  177. 
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"soldering"  in  a  purely  mechanical  fasliion,  without  the  intervention 
of  any  preliminary  proliferation  of  tlie  epithelial  elements.  Thanks 
to  this  very  rapid  obliteration  the  micro-organisms  are  prevented 
from  penetrating  not  uidy  into  the  interior  of  the  cornea,  but  into  the 
anterior  chamber  of  the  eye. 
[430]  It  has  already  been  pointed  out  that  the  ocular  conjunctiva  get» 
rid  of  the  introduced  micro-organisms  chiefly  by  removing  them 
mechanically  and  sending  them  through  the  lachrymal  duct  into  the 
nasjil  cavity.  This,  in  turn,  defends  itself  by  making  use  of  a  similar 
method.  In  his  experiments  on  the  Kiel  red  bacillus,  inoculated  into 
the  conjunctival  sac  of  man,  Bach  demonstrated  that  in  a  ven.'  short 
time  these  micro-organisms  are  carried  into  the  nasal  cavity.  He 
showed  also  tliat  they  do  not  remain  long  in  the  latter  position  and 
that  their  unniber  decreases  hourly. 

Twenty-four  hours  after  the  introduction  of  these  bacilli  into  the 
conjunctiva  none,  as  a  general  rule,  are  to  be  found  in  the  nasal 
mucus.  This  expulsion  of  the  micro-organisms  likewise  takes  place 
by  mechanical  means,  aided  by  the  movements  of  the  vibratilo  cilia. 
It  is  evidently  to  this  process  that  the  mucous  membrane  owes  its 
relative  freedom  from  niicro-orgsmisms.  Frequently,  when  examining 
the  nasal  mucus  or  when  making  cultures  therefrom,  one  is  astonished 
at  the  small  number  of  micro-organiîîm.s  found  in  the  nasal  cavities 
of  pereons  in  good  health,  Thomson  and  Hewlett^  have  certjiinly  gone 
too  far  wlien  ttiey  affirm  that  the  upper  regions  [i.e.  the  Schneiderian 
membrane]  of  the  nasal  cavity  are,  in  almost  80  "/o  of  cases,  free  from 
micro-organisms.  But  it  is  certain  that  in  these  regions  we  do  find  a 
small  number  only  of  the  bacteria  which  exist  in  greater  abundance 
iu  the  lower  (cutaneous)  passages  of  the  nose. 

To  explain  this  paucity  of  micro-organisms  in  the  nasal  cavity, 
Wurtz  and  Lermoyez*  have  assumed  the  existence  of  a  bactericidal 
property  in  the  nasal  mucus.  They  affirm  that  the  anthrax  bacillus, 
after  contact  with  this  mucus  for  several  hours,  loses  its  virulence  for 
the  most  susceptible  animals,  and  that  several  other  micro-organisms 
— the  staphylococci,  the  streptococci,  and  the  BaciUus  coli — become 
attenuated  luider  the  same  conditions.  Others  who  have  studied 
this  question  have  come  to  a  different  conclusion.  Thomson  and 
Hewlett  found  that  the  nasal  mucus  is  not  bactericidal,  although 

'  [Med.-Chir.  Tram.,  London,  1895,  Vol.  Lxxvm,  p.  239];  The  Lancet,  Loodou, 
1896,  Vol.  I,  p.  86  ;  BriL  Med.  Joum.,  London,  1S96,  Vol.  I,  p.  137. 
'  Compt.  raid.  Soe.  d«  biol..  Paria,  1893,  p.  756. 
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it  prevents  the  multiplication  of  niicro-orgaiiisiiis.  F.  Kleinperer, 
denies  the  bactericiiUU  property  of  the  nasal  mucus.  He  could  never 
demonstrate  the  destruction  of  micro-organisms  by  the  mucus,  and 
he  also  observed  that  bacteria  do  not  multiply  at  all  readily  iu  this 
meilium.  Tl»ese  results  confirm  the  hypothesis  tiiat  the  defensive  [431] 
action  of  tlie  nasal  mucous  membrane  against  microbial  invasion 
is  mainly  effected  by  the  mechanical  elimination  of  the  numerous 
micro-organisms  which  continually  reach  it.  Amongst  these  orga- 
nisms are  some  which  are  cuiispicuous  for  tlic  ease  with  which 
they  muUii>ly  in  the  body,  taking  the  nsisal  cavity  ay  a  starting  point, 
e,g.  the  micro-organisms  of  influenza,  the  phigue  bacillus,  which, 
according  to  sevend  observers,  is  very  virulent  when  iutrotluced  by 
the  nostrils-,  and  the  leprosy  bacillus.  This  last,  according  to 
Goldschmidt',  Sticker*,  and  Jeanselme^  often  enters  the  human  body 
by  way  of  the  nose. 

It  is  certain  that  the  olfactory  apparatus  deprives  the  inspired  air 
of  a  large  number  of  the  micro-organisms  which  it  carries.  These 
organisms  deposited  on  the  mucous  membrane  are  expelled  with  the 
nasal  mucus.  A  number  of  the  foreign  organisms,  carried  by  the  air, 
may,  however,  surmount  this  first  barrier  and  penetrate  further  into 
the  trachea  and  bronchi,  whence,  liclpcd  by  the  movement-s  of  the 
vibratUe  cilia,  they  are  usually  expelled  along  with  the  mucus. 

In  spite  of  this  double  defence  it  has  been  recognised  that  very 
minute  corpuscles  and,  amongst  othei-s,  micro-organisms  may  over- 
come every  one  of  these  obstacles  and  reach  the  pulmonary  alveoli. 
Here,  under  the  name  of  "  dust-cells  "  ("  cellules  à  poussière  ") — 
"StJiubzelien  "  of  the  German  writers — located  in  the  alveoli,  are  de- 
scribed certain  large  mononucleated  elements  which  contain  granules 
of  foreiiru  origin,  usually  deposits  of  soot,  of  a  deep  black.  This 
permeability  of  the  normal  lung  tissue  for  dust  particles  and  pig- 
mented cor|)U8cles  has  been  closely  studied  and  clearly  demonstrated 
by  J.  Arnold^  and  his  pupils.  Several  observers  have  tried  to 
determine  whether  micro-organisms,  introduced  bj  the  respiratory 


»  Miinrhen.  tned.  Wchnsehr.,  1896,  S.  730. 

'  fiiiuaroff,  "La  pneumonia  pcsteuso  espcrimcut&le,"  Amu  cUi  FIntt.  Pa$ttur. 
Pari»,  1S99,  t  xriT,  p.  385. 
«  "La  Lèpre."  Paris,  1894. 

*  Munehm.  tned.  Wchtuchr.,  1897,  8.  1063. 

*  Pren0  méd.,  Paris,  189P,  8  avril. 

*  "  Untereuchungeu  ûber  .'ituubinlialation,"  Leipzig,  1883. 
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channels,  behave  like  other  bodies.  Animals  were  made  to  inhale, 
or   tliere    were  introduced   into  the   trachea,  cultures    of  Uicteritt 

[432]  jiathogeuic  for  the  animals  experimented  upon.  The  results  so  ob- 
tained have  been  very  contradictory.  Morse  S  Wyssokowitch  *,  and 
Ilildebrandt^  never  succeeded  in  inducing  anthrax  by  the  intro- 
duction of  anthrax  bacilli  into  the  lungs  of  normal  animals.  They 
concluded,  therefore,  tliat  the  uninjured  pulmonary  tissue  was 
imiicrnieable  by  virulent  raici-o-organisms.  IJ.  Buchner*  with  his 
collalaoratoi"»  and  pupils  maintaining  the  opiwsite  view,  declare  that 
rabbits  that  have  inhaled  anthrax  bacilli  or  their  spores  always  suc- 
cumb to  a  fatal  attack  of  anthrax.  Tiiese  contradictory  results  were 
attributed  to  differences  in  the  methods  employed,  and  an  attempt 
■was  made  to  perfect  the  methods  of  research,  especially  to  prevent 
the  penetration  of  the  anthrax  bacilli  by  lesions  of  the  trachea 
or  by  any  channel  other  than  that  of  the  pulmonary  tissue. 
Gramatschikotf^*,  under  Bannigarten's  direction,  undertook  a  series 
of  experiments  in  order  to  determine  whether  it  was  possible  for  the 
anthrax  bacillus  to  traverse  the  pulmonary  tissue.  He  introduced 
through  the  trachea  of  rabbits  and  guinea-pigs  an  anthrax  culture, 
afterwards  washing  the  respiratory  passages  with  a  large  quantity  of 
broth  or  of  physiological  saline  solution.  Several  of  tlie  animala  so 
treateiî  di*!  not  succumb  to  the  inoculation,  and  Gramatschikoff  con- 
cluded tluit  it  was  impossible  for  the  antlimx  bacillus  to  make  its  way 
througli  the  wall  of  the  normal  pulmonary  tissue.  He  was  satisfied 
that  some  of  the  injectetl  organisms  were  destroyed  in  the  lung, 
although  he  was  unable  to  see  how  this  bactericidal  action  was 
determined.  In  these  experiments  a  large  quantity  of  fluid  was  intro- 
duced after  the  bacilli  ;  this  might  wash  away  the  bacilli  and  convey 
them  to  sitiuitions  where  they  could  exert  no  morbific  action  ; 
moreover  the  anthrax  bacilli  used  were  of  doubtful  virulence  (the 
injections  made  to  control  the  virulence  in  the  subcutaneous  tissue 
were  in  nearly  every  instance  made  with  quantities  of  fluid  greater 
than  those  introduced  by  the  trachea),  and  Gramutschikott"8  results 

[433]  could  not  be  accepted  as  deciding  the  question.    On  the  other  hand, 

•  "  Eingangspforten  der  Infectionsorg-aniemoii,"  Bt-rlin,  1681. 

•  Mitth.  (iiu  der  Drcltmer'»cheii  lleilamtalt,  1899,  S.  297. 

"  "  Experim.  Unters.  ii.  i  Eindringen  path.  Microorganisnien."  Kônigiberg,  188S, 
[jind  in  Ziegler's  Bntr.  z.  path.  Amit.,  Jena,  188s,  Bd.  ii,  8.  411]. 

•  Arch./.  Jiyg.,  MUuclien  u.  Leipzig,  1887,  Bd.  vui.  S.  145. 

^  BauDigarten's  Aiif.  auf  d.  Geb.  d.  j/alh,  Atiat.  etc.,  Braunschweig,  1893,  Bd.  i, 
S.  450. 
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n.  Buclmer's  iiilialation  expérimente  made  with  spores,  ami  the 
study  of  the  organs  of  animais  so  treated,  leave  no  doubt  as  to  the 
possibility  of  the  invasion  of  an  animal  by  the  respiratory  channels 
by  the  anthrax  bacillus.  Furthermore,  the  "rag-picker's  disease" 
and  the  "wool- sorter's  disease,"  or  pulmonary  antlirax,  developed  in 
man  as  a  result  of  the  inhalation  of  dust  eliarged  with  anthrax  spores, 
demonstrate  mosst  clearly  that  it  is  possible  for  the  anthrax  bacillus 
to  enter  the  body  by  the  respiratory  channels.  The  pulmonary 
mycoses,  produced  by  the  penetration  of  the  Aspergillus  fumigatus 
to  the  human  subject,  ofler  confirmatory  evidence. 

In  spite  of  the  fact  that  the  pulmonary  tissue  is  not  impermeable 
to  pathogenic  micro-organisms,  it  is  none  the  less  true  that  it  exhibite 
a  very  marked  resisttiucc  to  infection  by  this  channel.  It  is,  however, 
neither  the  thickness  of  the  wall,  as  in  the  case  of  the  skin  and  the 
mucous  membranes,  nor  the  mechanical  elimination  with  the  help  of 
the  vibratile  cilia  or  of  the  secretions,  that  constitute  the  means 
of  defence  in  the  respiratory  alveoli.  Here  the  cell  elements  are 
charged  with  the  duty  of  ridding  the  lungs  as  much  as  possible 
of  the  micro-organisms  which  enter.  Ribbcrt'  and  his  Bonn  pupils, 
Fleck'  and  Laehr^  observed  this  fact  long  ago.  They  showed  that 
the  spores  of  Aspergillm  Jlavescens  and  the  staphylococci,  injected 
into  the  veins  or  into  the  trachea,  penetrate  into  the  pulmonary 
alveoli,  where  they  are  soon  seized  by  the  "epithelial  cells"  a»id  the 
leucocytes.  Laehr  observed  that  this  phenomenon  is  produced  at  the 
end  of  a  few  hours,  and  that  the  ingested  cocci  within  the  phagocytes 
undergo  a  progressive  degeneration  and  at  last  disappear.  Tchisto- 
vitch*,  working  in  my  laboratory,  studied  micro-organisms  pathogenic 
for  the  ndibit — the  anthrax  bacillus,  the  coccobacillus  of  fowl  cholera, 
and  the  bacillus  of  swine  erysipelas — ingested  by  the  "duat-cells"  of 
the  alveoli.  He  has  added  the  imiwrtant  observation  (already  referred 
to  in  chapterrv)  that  these  phagocytic  elements  are  not  epithelial  cells  [<34l 
at  all,  but  are  really  macrophages  of  lyraiihatic  origin.  They  are  not 
foimd  in  the  alveoli  of  new-born  animals,  but  soon  appear  there  and 
instid  ttiemselves  in  such  a  manner  that  for  long  one  was  led  to 
i-egard  them  as  time  epithelial  cells  of  the  jjulnionary  tissue.  This 
tissue,  invested  with  an  extremely  delicate  covering,  is  incapable  of 

'  "  Dor  Untergang  patliog.  Schiinmelpiize  îm  Kôrper,"  Bona,  I8S7. 

*  "Die  acute  Entzuiidunt;  der  Liingt,"  Bonn,  1886. 

*  "  Ueb.  d.  Uiitergang  de»  Staphylwïoccuii,"  eta,  Bonn,  1887. 

*  Ahh.iU  I'Imt.  PntUur,  Paris,  1889,  t.  m,  p.  337. 
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defending  itself  against  the  invasion  oi  micro-orjranisms, 
animal  organism  comes  to  its  aid  by  sending  a  i)ermanent  army  of 
macrophages  which  evict  from  the  alveoli,  so  far  as  is  possible,  both 
micro-organisms  and  other  foreign  bodies.  Under  these  conditions, 
we  can  readily  underst<and  that  similar  cells  which  fidfil  the  same 
protective  function,  are  also  found  in  the  neighbouring  bronchial 
glands.  It  has  long  been  recognised  that  the  macrophages  of 
these  glands  are  often  crammed  with  various  kinds  of  graimlcs 
of  foreign  origin,  which  have  made  their  way  into  the  lungs  with  the 
inspire<l  air. 

Toxic  substances  can  be  absorbed  by  the  mucous  membrane  of 
the  respiratory  channels.  Roger  and  Rayeux^  have  shown  that  no 
lesion  is  required  in  order  that  diplitlieria  poison  may  invade  the 
mucous  membrane  of  the  trachea,  and  so  produce  typical  false  mem- 
branes. The  lung,  we  know,  is  accessible  to  gaseous  toxic  substances; 
moreover,  its  surface  readily  absorbs  fluid  poisons. 

The  protection  of  the  digestive  system  is  more  complex  than 
that  of  the  respiratory  passages  ;  this  ia  not  remarkable,  when  we 
consider  the  greater  complexity  of  the  organs  of  digestion  and 
the  varied  conditions  which  they  present  with  regard  to  microbial 
invasion. 

The  buccal  cavity,  so  exposed  to  the  entry  of  extmneous  micro- 
organisms along  with  the  food  and  the  e.xtenial  air,  has  a  very  rich 
microbial  flora,  in  which  Jliller-,  the  author  of  our  most  complete 
work  on  this  subject,  has  recognised  in  man  more  than  thirty  species. 
Several  representatives  of  this  flora,  e.g.  the  Leptoihriz  and  the 
Spirochaeta  are  constantly  present,  and  are  very  characteristic  of 
the  bucctil  cavity  of  man.  With  them  are  frequently  fomid  pneumo- 
[485]  cocci,  8tai)hylococci,  and  sti'eptococei,  whose  pathogenic  power  is 
imdoubted.  Vindent  diphtheria  bacilli  are  also  met  with  in  a  certain 
number  of  quite  healthy  peraons.  It  is  astonishing  that,  in  spite  of 
this  state  of  things,  wounds  in  the  mouth  heal  very  rapidly,  and 
operations  on  the  buccal  cavity  done  with  insufîicient  or  no  aseptic 
precaution  do  not,  in  the  gi'eat  majority  of  cases,  set  up  infective 
complications  of  the  slightest  importance.  After  certain  buccal 
oi)eratious  we  are  often  confronted  with  a  complicated  and  open 
fissure  ;  nevertheless  the  wound  thus  left  exposed  is  not  ordinarily 
tiie  scat  of  any  infection  cither  local  or  generalised. 

'  Compt.  rend.  Soe.  de  Wo/.,  Paria,  1897,  p.  265. 

*  "  Die  Mikroorganisinen  der  MuudhoUle,"  L«ii)zig,  2"  Aufl.,  1 892. 


It  is  often  a^ked,  liow  uiuler  these  conditions  does  the  mouth 
defend  itself  against  tlie  vast  number  of  formidable  micro-organisms. 
When  the  theory  of  the  bactericidal  power  of  the  body  fluids  waa 
dominant,  and  appeared  to  explain  several  important  points  in  the 
general  problem  of  immunity,  the  saliva  was  studied  from  this 
"bactericidal"  point  of  view.  Sanarelli^  as  the  outcome  of  patient 
and  laborious  researches,  came  to  the  co»clu.sion  that  the  human 
saliva  acted  as  an  antiseptic  and  destroyed  a  large  number  of  micro- 
organisms. It  is  true  that  he  recognised  its  etiicacy  only  wlien  few 
bacteria  were  subjected  to  its  action  ;  but  even  when  the  saliva  was 
incapable  of  killing  a  large  number  of  micro-organisms,  it  did  not 
allow  them  to  devcloi) — it  Avas  a  bad  culture  medium  ;  moreover,  it 
had  the  power  of  attenuating  the  virulence  of  certain  pathogenic 
iKicteria,  such  as  the  pneuaiococcus,  so  frequently  found  in  the 
mouth. 

The  conclusions  of  the  Italian  observer  did  not,  hoAvever,  meet 
with  general  acceptance.  Miller-  did  not  believe  that  the  saliva 
exeiled  any  bactericidal  action,  raising  the  objection  that  the  absence 
of  nutritive  value  in  the  Imman  saliva  for  bacteria  is  explained  by 
the  fact  that  in  his  experiments  Sanarelli  employed  filtered  saliva, 
which  con-sctjucHtly  had  been  deprived  of  much  of  its  nutritive 
substances, — epithelial  débris,  mucus,  etc.  llugenschmidt',  working 
in  my  laboratory,  carried  out  a  special  research  on  the  influence  of 
the  hiuuan  saliva  on  micro-organisms,  and  arrived  at  conclusions 
quite  at  variance  with  those  reached  by  SanareUi.  In  spite  of  the 
variety  of  micriKorganisms  made  use  of,  he  could  never  satisfy  himself 
that  the  saliva  had  any  bactericidal  property. 

He  sometimes  saw,  no  doubt,  a  certain  slowness  of  growth  or  [436] 
even  the  destruction  of  certain  of  the  micro-organisms  sown  at  the 
commencement  of  the  experiment,  but  this  was  very  slight  and 
rather  exceptional.  In  most  cases  the  micro-organisms,  introduced 
into  the  saliva,  grew  rapidly,  so  that  their  number,  in  a  very  short 
time,  became  very  considerable.  Where  the  saliva  brought  about 
any  diminution  in  tlie  number  of  micro-organisms,  this  semblance 
of  bactericidal  action  could  be  noted  not  only  in  the  normal  saliva, 
but  also,  as  in  the  lachrjnial  secretion  above  described,  in  saliva 

1  "La  «allvanmana," Siena,  \&91, and Centralbl./.Bakteriol.  w.  Paratitenk,  Jena^ 
1891,  Bd.  X,  S.  617. 

•  op.  cit. 

•  Ann,  de  timt.  Patteur,  Paria,  1S96,  t.  x,  p.  545. 
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heated  to  60°  C.  Against  certain  micro-organisms — the  torulae 
and  the  staphylococci — the  heated  saliva  acted  more  vigorously 
than  did  the  unaltered  isaliva.  It  is  consequently  impossible  to 
draw  any  parallel  between  the  action  of  the  saliva  and  that  of  the 
cytiises. 

Since  the  saliva  often  contains  (according  to  certain  authorâ  even 
constantly)  small  quantities  of  potassium  sulphocyanide,  it  seemed  to 
be  worth  M'hile  to  ascertain  whether  this  salt  is  capable  of  destroying 
micro-urganisms.  The  experiments  carried  out  by  Hugenschmidt,  m 
order  to  .settle  this  ])oint,  demoustmted  that  M-lien  given  in  doses 
compurable  to  those  met  with  in  the  saliva,  the  potassium  sulpho- 
cyanide exerts  no  bactericidal  action. 

Powerless  lis  an  antiseptic,  the  saliva  fulfils  an  important  function 
in  ridding  the  mouth  uf  micro-organisms  in  a  mechanical  way.  The 
parotid  secretion  and  that  of  the  other  salivary  glands  dilutes  the 
bacteria  and  carries  them  from  the  phalangeal  cavity  into  the  stomach. 
Hence,  in  diseases  where  the  salivary  secretion  is  much  diminishe<l, 
the  mouth  becomes  the  most  important  portal  of  entry  for  micro- 
organisms cajjable  of  setting  up  secondary  infections.  The  saliva 
is  fui'tlier  useful  in  diluting  the  alimentary  detritus  and  preventing  its 
stayiKition  and  decomposition  in  the  buccal  cavity. 

In  addition  to  the  direct  mechanicjU  part  played  by  the  saliva^ 
it  performs  a  very  important  indirect  function.  This  fluid  con- 
tains microbial  products  and  diiistases,  and  is  capable  of  exciting 
in  the  leucocytes  a  positive  chemiotactic  activity.  Hugenschmidt 
demonstrated  the  fact  by  introducing  into  animals  small  capillary 
glass  tubes  containing  saliva.  A  certain  time  after  being  placed  in 
position,  these  tubes  became  filled  with  considerable  masses  of  immi- 
grated leucocytes.  The  same  result  was  obtained  with  guinea-pig's 
[■437]  saliva,  enclosed  in  capillary  tubes  and  introduced  into  the  i>eritoncal 
cavity  of  the  same  sjiecies.  Here,  again,  the  leucocytes  assemblcil  in 
the  tubes  and  ingested  the  micro-orgaiiisrus  found  in  the  saliva.  The 
influence  of  the  sidiva  on  the  afHux  of  the  leucocytes  must  be  regranled 
as  an  act  important  for  the  protection  of  the  buccal  cavity,  and  it  ia 
probably  due  to  this  attraction  of  leucocytes  that  lesions  of  this 
iTgion  heal  so  quickly.  The  leucocytes  are  very  numerous  in  the 
glands  of  the  mouth  and  the  tonsils  always  supply  large  quantities 
of  them. 

We  nnist  not  lose  sight  of  the  fact  that  the  epithelial  covering  of 
the  buccopharyngeal  cavity  also  constitutes  an  important  protective 


fector.  Just  as  on  the  surface  of  the  skin,  the  corneal  cells  are  in  a 
permanent  state  of  desquamation,  so  the  cells  in  the  mouth  are  being 
OODStantly  renewed.  This  desquamation  increases  especially  during 
mastication,  when  enormous  numbers  of  cells  are  thrown  oiF;  after 
every  meal  there  is  a  partial  renewal  of  the  surface  of  the  lining 
of  the  buccal  cavity.  Being  covered  on  their  surface,  and  in  their 
intei'stices  charged  with  iunumenible  micro-orgnuisms,  the  epithelial 
cells  cam'  away  with  them  all  this  popidatioii  from  the  mouth. 

The  numerous  micro-organisms  which  persist  in  the  mouth,  in 
spite  of  all  these  means  for  getting  rid  of  them,  must  also  play 
a  certain  part  in  the  defence  against  infection!*.  It  is  very  probable 
that  many  of  these  saprophytes  impede  the  multipliuition  of  certsiiu 
)»athogeuic  bacteria  ;  but  at  present  it  is  impossible  to  define  more 
exactly  these  phenomena  of  microbial  competition.  It  is  only  because 
we  have  analogies  in  other  regions  of  the  body  that  we  arc  able  to 
defend  this  po»)ition. 

The  salivii,  incapable  of  destroying  the  micro-organisms  them- 
selves, is  able  to  act  on  their  soluble  products,  as  on  certain  other 
}>oisons.  In  this  reliition  the  action  of  the  saliva  on  snake  venom  is 
most  familiar.  Wehrmann  ^.,  who  has  made  researches  on  this  subject 
in  Calmette'a  laboratory  at  Lille,  has  shown  that  the  amylase  (ptyalin) 
of  human  saliva,  mixed  with  very  rapidly  fatal  doses  of  venom,  quite 
prevents  its  toxic  action.  Von  Behring-  reminds  ua  on  this  point 
that  the  ancient  Psylli  (a  race  of  northern  Africa),  at  the  beginning  [438] 
of  oiir  era,  employed  their  saliva  as  an  antidote  against  snake 
bites. 

Powerless  to  kill  the  micro-organisms,  the  saliva  carries  them  off 
mechanically  to  tlie  exterior  or,  more  freijuently,  into  the  stomach. 
The  acid  medium  of  this  great  reservoir  exerts  a  very  marked  effect 
on  these  microscopic  organisms.  It  has  long  been  recognised  that  the 
gastric  juice  prevents  putrefaction  and  can  arrest  it  even  when  it  has 
become  very  advanced.  From  this  observation  an  antiseptic  action  of 
tiiis  juice  was  inferred.  Bacteriological  researches,  undertaken  to 
detenuine  the  nature  of  this  action,  have  demonstnitcd  that  several 
Bpecies  of  micro-organisms  die  very  shortly  after  being  placed  in  con- 
tact with  the  gastric  juice  in  vitro,    Straua  and  Wurz*  found  that  even 

*  Ann.  dé  Vlntt.  Patleur,  PariB,  1898,  t  xn,  p.  610. 

'  "  Allnemeiiie  Thérapie  der  Infectionskrankbeitcn,"  io  Eulenburg  o.  8a«ntie!'« 
**  Lebrb.  d.  allg.  Thérapie,"  Berlin  u.  Wieii,  1)^9»,  Bd.  iii,  S.  t>SO. 

*  Arch,  dé  mid.  expér,  et  danat.  path.,  ruria,  1889, 1 1,  p.  370. 
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anthrax  spoi'es  and  the  tubercle  bacillus  could  be  destroyed  by  gastric 
juice,  after  a  prolonged  sojourn  in  a  Kuilicieut  quantity  of  this  fluid. 
Comparative  researches,  luade  with  aqueous  solutions  of  hydrochloric 
acid,  have  demonstrated  that  the  bactericidal  action  of  the  gastric 
juice  dejicnda  solely  on  the  amount  of  this  acid  that  it  contains,  that 
18  to  say,  the  pepsin  plays  no  part  in  the  process.  This  juice  exert» 
no  tnie  digestive  action  on  tlie  micro-organisms,  but  it  destroys 
a  certiiiu  number  of  them  by  its  hydrochloric  acid.  This  antiseptic 
action  may  also  be  inferred  fr<Mn  a  series  of  demonstrations  on  the 
exaggerated  microbial  nnilti]>lication  in  cases  where  the  gastric  juice 
has  been  poor  in  hydrochloric  acid.  Several  observers  have  confirmed 
this  bactericidal  action  of  the  gastric  juice  which  is  exerted  specially 
against  certain  species  capable  of  causing  grave  infective  diseasee^ 
On  the  other  baud,  certain  bacteria  and  other  lower  fungi  are  quite 
resistjint  to  the  antisei)tic  action  of  this  fluid  ;  they  adapt  themselves 
Tery  readily  to  an  existence  in  the  stomach.  Consequently  thero 
exists  iu  this  organ,  even  in  animals  such  as  the  dog,  whose  gastric 
juice  contains  most  liydrocliloric  acid,  a  special  flora,  whose  most 
charActeristic  feature  is  the  relative  insensibility  to  the  acidity 
of  this  me<lium.  The  Blastoniycetes,  along  with  the  yeasts  and  the 
Tomlae,  constitute  the  most  frequent  representatives  of  this  flora; 
alongside  these  may  be  grouped  the  Sarcinae  and  certain  acidophile 
bacilli  Miller*^  has  isolated  sevend  of  these  micro-organisms  from 
the  contents  of  the  stomach,  and  has  observed  that,  mixed  with  the 
[439]  food,  they  resist  the  action  of  the  gjistric  juice,  even  that  of  the  dog, 
whose  hydrochloric  acid  content  is  greater  than  in  man  and  many 
of  the  other  mammals-.  But  these  acidophile  micro-organisms  Iiave 
no  pathogenic  power  and  consequently  are  not  much  to  be  feared. 
It  is  very  doubtful  whether  even  the  infective  bacteria  which  are 
easily  killed  by  the  gastric  juice  in  vitro,  are  often  destroyed  in  the 
stomach.    The  typhoid  cocco bacillus,  which  has  shown  itself  to  be  so 

*  Devttehe  mtd.  Wchnschr..  Leipzig,  1SS5,  no.  49. 

'  Amongst  this  acidopliilo  flora  one  species  merits  parti<;Tilar  iittention.  Thia  is 
a  gpiritlum,  di»coTered  l\v  liizzozcro  ia  t)ie  iiiucoim  meuibnino  of  tho  stomuoli  of  tho 
dog.  SultiiiKiu  yCiutralbl.  f.  Bafiteriol.  u.  Purugilcitk.,  Jciiu,  1896,  Bd.  xix,  8.  4.33} 
haa  studied  tliis  organism,  nut  onlr  in  the  dog,  but  in  tlio  cut  and  Norway  n.L 
Mnltiplving  on  tlie  mucous  inenibmiie,  the  vor;  mobile  epirillum  penetrates  into  the 
epitiicliui  cell:»  or  is  met  with  inside  vacuoles.  These  latter  being  in  comnnumoation 
with  tho  ostcniol  medium,  tho  «[lirilla  can  readily  pcuotruto  by  the  opening  This 
fact  has,  then,  nothing  in  common  with  jihagucytosis,  where  it  is  the  cell  which 
ingests  the  micro-organisms  by  means  of  its  amoeboid  morementa. 
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sensitive  to  the  destructive  action  of  the  gastric  juice  of  man,  of  the 
dog,  and  of  the  sheep,  is,  from  the  experiments  of  Straus  and  Wurz, 
quite  capable  of  passing  through  the  stomach  without  being  affected. 
Stem',  as  the  result  of  his  own  researches,  as  well  as  of  those  of  his 
pupils,  came  to  the  conclusion  that  tliii^  micro-organism  is  not  in  the 
least  affected  by  the  gastric  juice  of  a  healthy  man,  containing  the 
.normal  amount  of  hydrochloric  acid.  It  was  only  in  cases  of  hyper- 
f  secretion  and  of  hyperacidity  that  the  micro-organisms  of  typhoid  fever 
were  destroyed  before  they  reached  the  small  intestine. 

The  cholera  vibrio  also  can  i)a8S  through  the  stomach  and  its  acid 
juice.  After  Koch's  demonstration  of  the  great  susceptibility  of  this 
organism  to  acids  in  vitro,  it  was  generally  concluded  that  it  must 
perish  in  the  normal  content  of  the  stomach.  Many  cases  have 
since  been  recorded  in  which  the  cholera  vibrio  was  found,  in  times 
of  cholera  epidemics,  in  the  faeces  of  healthy  persons.  In  order 
to  get  into  the  large  intestine  it  had  to  pass  through  the  normal 
stomach.  In  experimental  cholera  in  young  suckling  rabbits,  a  hirge 
number  of  vibrios  were  also  found  in  the  distinctly  acid  contents 
of  the  stomach,  and  they  were  seen  to  pass  into  the  small  intestine 
without  any  neutralisation  of  the  acidity  of  the  stomach  taking  place. 
This  example  proves,  once  again,  that  the  phenomena  that  occur 
within  the  living  body  cannot  be  identified  with  those  that  go  on  id 
the  test-tube,  in  vitro. 

Whilst  the  acidity  of  the  gastric  juice  exerts  a  certain  influence  on  [440] 
micro-organisms,  the  pepsin  which  it  contains  acts  unfavourably  on 
their  toxins.  There  are  many  poisons  which  are  readily  absorbed, 
without  being  modified,  by  the  mucous  membrane  of  the  stomach. 
Even  the  venom  of  snakes  can,  under  certain  conditions,  produce 
its  toxic  effect  as  it  is  absorbed  through  the  stomach.  Thus,  ac- 
cording to  the  experiments  of  Wehrmann^  pepsin  exerts  a  very 
feeble  action  on  this  iH:)ison.  On  the  other  hand,  this  diastase  has 
a  marked  action  on  certain  bacterial  toxins.  Gamaleia'  pointed  out 
that  pcpsiu  destroys  the  diphtheria  toxin.  Charrin  and  Lefèvre* 
have  shown  that  it  also  weakens  other  nncrobial  toxins.  According 
to  Nencki  and  Mmes  Sieber  and  Schoumow-Simanowski*,  the  gastric 

'  Vou  Volkmanu's  Samml.  klin.  Fortr:,  Leipiig,  1S9&,  no.  38,  8.  290. 
^  Ann.  de  Plntt.  PatUur,  Paris,  1898,  U  xn,  p.  âlO. 
»  CnmpL  rend.  Soc.  de  biol.,  Paris,  189Î,  p.  153. 

*  Compt.  rend.  Soc.  de  bioi.,  Paris,  1897,  p.  830,  and  Charrin,  "Lea  défenses 
'jiatareUee  de  l'organisme,"  I'aiw,  1898,  p.  128. 

•  CenlralM.f.  BaJcteriol.  u.  Parasitenk.,  Jeaa,  1898,  Bd.  xxin,  SS.  840,  880. 
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juice  of  tlie  dog  destroys  relatively  small  quantities  of  the  diplitheria 
poison.  A  gramme  of  the  juice  is  capable  of  rendering  innocuous 
60  lethal  doses  of  this  toxin,  but,  in  order  that  this  action  may  l»e 
produced,  a  prolonged  contact  of  the  two  substances  is  required. 
Since  the  ueutraliaed  gastric  juice  acts  in  the  same  way,  this  effect 
must  be  attributed  not  to  the  acidity  of  the  gastric  juice,  but  rather 
to  the  iiniouut  of  pepsin  it  contains.  This  diastase  acts  much  more 
powerfully  on  the  tetanus  to.xiii,  1  gramme  of  gastric  juice  neutral- 
ising 10,(KHJ  doses  letliul  for  the  guinea-pig.  On  the  other  hand, 
abrin  is  not  modified  by  tlie  gastric  juice  according  to  the  researches 
of  Roping  carried  out  in  Roux's  lalx>ratory.  Nevertheless,  its  action 
when  administered  by  the  stomach  is  feeble,  and  Ehrlich*  has  been 
enabled  to  vuccinate  small  animals  against  this  vegetable  poison  by 
availing  himself  of  his  knowledge  of  this  fact  Répin  explains  this 
result  as  <lue  to  the  very  slight  absorption  of  abrin  by  the  gsistro- 
intestinal  mucous  membrane.  This  same  t^ictor,  Répin  thinks,  may 
contribute  also  to  the  failure  of  various  toxins  when  ingested-  This 
rulCj  however,  is  not  an  absolute  one.  Thus,  the  toxin  of  the  botu- 
linic  bacillus  of  van  Ermeugcm^  is  not  destroyed  by  the  digestive 
diastases,  and  it  is  certainly  absorbed  by  the  nmcous  membrane  of 
the  alimentary  caiial.  For  this  reason,  Avhen  it  is  introduced  by  way 
of  the  stomach,  it  exhibits  a  very  violent  toxic  activity. 

The  stoniuch,  though   capable»  through   its  acid,  of  preventing 

{441]  the  multiplication  of  certain  micro-organisms,  protects,  very  feebly, 

the  rest  of  the  digestive  apparatus.    As  soon  as,  in  the  duodenum, 

the  aciility  is  weakened  or  neutralised,  the  various  micro-orgauiams 

commence  to  multiply  and  soon  develop  very  abundantly. 

In  the  aiiimul  series  the  intestine  jiroper  presents  a  very  great 
variability,  and  even,  in  closely  allied  species,  exhibits  considerable 
differences.  From  the  particular  point  of  view  which  interesta  ua 
these  differences  are  very  marked.  Alongside  insects,  such  as  the 
silkworm,  the  larvae  of  cockchafers  and  others,  whose  intestinal  canal 
contains  a  very  rich  bacterial  vegetation,  we  have  others  which  contain 
exceedingly  few  micro-organisms  or,  indeed,  none  at  all.  This  lajst 
condition  is  represented  by  the  cateri)illar8  of  small  Lépidoptère,  and 
notably  by  those  of  several  species  of  clothes- moths.  Tliese  diffcreuoea 
correspond  to  the  variety  of  the  juices  and  digestive  ferments  met  with 

'  Ann.  de  PlTut.  Panteur,  Paris,  1895,  t  li,  p.  617. 

'  DeiUtctie  mcd.  Wchiischr.,  Leipzig,  ISKI,  8S.  976,  1218. 

'  CentraM/.  Bakteriol.  u.  PariuiteuL,  Jena,  1890,  Bd.  XVt,  S.  44Î. 


in  these  Invertebrata.  As  the  ph5'8iologj'  of  digestion  in  tliese  animals 
is  as  yet  little  understood,  it  is  at  present  imiwjssible  to  define  clearly 
the  conditions  which  regulate  these  phenomena.  In  any  case,  it  is 
very  probable  that  the  soluble  digestive  ferments  destroy  the  micro- 
organisms and  prevent  them  from  growing  in  the  intestinal  content 
Otherwise  it  is  diflBcult  to  explain  why  the  larvae  of  clothes-moths, 
which  live  in  old  dusty  textile  fabrics,  where  the  germs  of  bacteria  are 
not  wanting,  present  a  digestive  canal  from  which  micro-organisms 
are  entirely  absent  The  digestive  juices,  adapted  to  digest  wool 
and  even  wax,  are  evidently  capable  also  of  digesting  the  bodies  of 
micro-organisms.  In  other  insects,  which  feed  on  vegetables  and  on 
substances  less  diflScult  to  digest  micro-organisms  develop  in  the 
intestinal  content,  as  in  many  of  the  higher  animals.  Insects  often 
have  their  intestine  lined  by  a  very  delicate  chitiuojis  membrane 
which  oflfers  no  obstacle  to  the  absorption  of  the  products  of  digestion, 
but  prevents  the  micro-organisms  from  reaching  the  epithelial  layer. 
We  have  here  a  defensive  apparatus  against  microbial  invasion,  wliich 
must  be  the  more  useful  because  this  membrane  is  thrown  oflF  and 
renewed  at  each  moult,  thus  enabling  the  insect  to  rid  itself  at  one 
swoop  of  a  large  number  of  its  microscopic  inhabitants. 

In  the  Vertebrata  the  canal  of  the  pancreas  and  that  of  the  email 
intestine  are  always  populated  by  a  greater  or  smaller  number  of 
micro-organisms,  amongst  which  bacilli  pre<lominate.  We  know  the 
great  difficulty  experienced  every  time  we  wish  to  make  experiments 
on  the  pancreatic  digestion  outside  the  animal  body.  The  digestive  [442] 
fluid,  alkaline  and  containing  many  bacteria,  is  soon  transformed 
into  a  microbial  purée.  We  are  then  obliged  to  have  recourse  to 
antiseptics  to  arrest  this  development  and  to  bring  into  prominence 
the  digestive  rôle  played  by  the  soluble  ferments  of  the  pancreas. 
This  well-known  fact  may  be  used  as  an  argument  against  the 
existence  of  any  kind  of  bactericidal  power  in  the  small  intestine 
of  higlier  vertebrates.  Even  in  those  animals  which  are  distin- 
guished by  the  remarkable  poorness  of  their  intestinal  floi-a,  we  fail 
to  reveal  the  presence  of  bactericidal  substances.  The  Crustacea, 
e.g.  the  craj'fish,  and  certain  worms,  such  as  the  Ascaris,  contain  few 
micro-organisms  in  their  intestine.  The  former  feed  on  putrescent 
substances,  the  latter  inhabit  the  small  intestine  of  man  and  animals, 
Iiopulatcd  by  myriads  of  bacteria.  It  might  be  supposed  that,  under 
these  conditions,  the  intestinal  content  must  contain  a  mass  of  micro- 
organisms or,  if  that  l>e  not  the  case,  that  it  must  coutaiu  some 
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substance  which  is  powerfully  bactericidal.  In  reality,  neither  one 
nor  the  other  of  these  suppositions  receives  any  confirmation.  The 
intestines  of  the  two  Tnvertebrata  I  have  named  are  very  poor  in 
micro-organisms  and  their  contents  do  not  exhibit  the  slightest 
bactericidal  power.  When  a  little  of  their  contents  is  placed  in 
tubes  and  Icept  at  a  euitiible  teniperuture  it  is  not  long  before  it 
becomes  filled  by  a  great  number  of  bacteria  of  various  kinds. 

To  explain  this  poverty  of  the  microbian  flora  of  the  intestines  in 
these  examples  we  must  postulate  some  kind  of  mechanical  purifi- 
cation, facilitated  by  the  peristaltic  movements  of  the  digestive  canal. 

Even  in  animals  which  have  an  abundance  of  micro-organisms 
in  tlie  small  intestine,  there  must  be  pi-odiiced  some  phenomenon 
whicli  brings  about  the  disappeamnce  of  a  certain  number  of  them. 
In  mammals  the  small  intestine  always  eojitaiiis  far  fewer  micro- 
orgauisnis  than  does  the  large  intestine  ;  in  birds,  the  coecum  is  mach 
richer  in  bacteria  than  is  the  rest  of  the  digestive  canal.  Schiitz*  has 
attempted  to  demonstrate  the  disinfecting  power  of  the  small  intestine 
in  the  dog  by  feeding  it  on  substances  to  which  he  had  added  a  large 
number  of  Gamaleia's  vibrio  (  Vibrio  metchniJiovi).  After  convincing 
himself  that  micro-organisms  perish  in  the  digestive  canal  and  are 
never  found  in  the  escrementa,  Sctilitz  introduced  into  his  dogs 
t**3]  a  cannula,  one  branch  of  which  passed  into  the  pylorus,  the  other 
into  the  duodenum.  By  means  of  a  small  apparatus  he  could  reatlily 
interrupt  the  communication  tetvveen  the  stomach  and  the  intestine. 
The  vibrios,  mixed  with  biscuit,  and  softened  with  water,  introduced 
directly  into  the  duodenum  (whilst  the  stomach  was  kept  completely 
isolated),  penetrated  into  the  large  intestine  in  small  numbers  only. 
The  lower  part  of  the  colon,  the  rectum  and  the  excrementâ  gave  no 
cultures  of  vibrios  and  did  not  give  rise  to  any  growth  except  that  of 
the  Bacillus  colL  In  tliis  ease  the  disinfection  of  the  intestine  took 
place  without  any  help  from  the  gastric  juice.  Further,  when  Schiitz 
killed  dogs,  after  giving  them  food  in  wliich  vibrios  were  mixed,  these 
organisms  were  found  in  the  intestine  only.  The  g-astric  acidity, 
therefore,  is  not  capable  of  killing  these  organisms,  or  of  preventing 
them  from  passing  into  the  small  intestine,  in  which  alone  they  were 
killed.  It  was  only  with  the  aid  of  purgatives,  such  as  castor-oil  or 
calomel,  that  Schiitz  succeeded  in  preserving  the  vibrios  in  the  intes- 
tines and  in  finding  them  in  the  dejecta.  This  observer  did  not  carry  his 
investigations  further  and  did  not  make  out  the  mechanism  by  which 

1  BerL  JJin.  IVcAmchr.,  laoo,  8.  653. 
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the  small  intestine  destroyed  such  large  numbere  of  vibrios,  lie 
Riipposcs  that  alongside  a  mechanical  factor,  such  as  the  very  active 
jK-ristaltic  movement,  there  exist  others,  perhaps  chemical  processes, 
capable  of  killing  these  micro-organisma. 

This  question  of  the  defensive  action  in  the  small  intestine  is, 
consequently,  far  from  being  settle<l.  The  data  collected  indituitc 
merely  that  the  problem  is  a  very  complex  one.  It  has  been  shown, 
however,  that  very  virulent  bacteria  may  pass  thi"ough  the  digestive 
canal  not  only  without  injuring  the  animal  but  even  meeting  their 
own  death  in  this  organ.  The  anthrax  bacillus,  so  fat^d  to  mice  and 
guinea-pigs,  may  be  swallowed  by  tliese  animals  without  the  slightest 
danger  to  them.  It  may  then  be  found  in  the  small  intestine,  but  not 
in  the  large  intestine,  this  proving  that  the  gastric  acidity  is  incaitable 
of  destroying  them  outright  To  produce  generalised  antlirax  by 
way  of  the  intestine,  it  was  necessary  that  the  animals  should  swallow 
the  spores  of  authi-ax  along  with  spiny  plants,  aa  iu  the  experiments 
of  Paateur  and  his  collaborators^  or  along  with  sand  or  powdered 
glass.  In  these  cases  the  intestinal  lesions  served  as  the  port  of 
euti7  for  the  bacillus,  the  intact  mucous  membrane  of  the  intestine  [iu] 
preventing  their  penetration.  Mitchell,  in  an  nnpuhlished  work, 
undertaken  in  my  laboratory,  succeeded  in  giving  fatal  antiirax  to 
guinea-pigs,  even  when  he  fed  them  with  spores  mixed  with  the 
"  crumb  "  of  breati  soaked  in  milk.  During  the  whole  period  of  the 
exiieriment  the  animals  took  no  food  capable  of  producing  lesions 
of  the  wall  of  the  intestine.  But  examples  of  infection  under  thcj-^e 
conditions  are  altogether  exceptional.  In  the  great  majority  of 
instances  the  animals  were  not  attacked.  The  same  rule  applies  also 
to  many  other  micro-organisms,  which  can  be  ingested  with  impunity 
although  their  inoculation  into  the  blood  and  tissues  sets  up  infections 
which  are  inevitably  fetal.  Many  animals  may,  without  running  the 
least  risk,  swallow  large  numbers  of  bacteria  which  in  man  produce 
grave  intestinal  disease.  Thus,  it  has  never  been  possible  to  produce 
typhoid  fever  regularly  and  with  certainty  in  any  of  the  8i>eciefl  of 
animals  to  which  masses  of  typhoid  coccobacilli  were  given  by  in- 
gestion. We  may  recall  the  difficulties  which  so  many  investigators 
have  met  with  in  inducing  intestinal  cholera  in  Liboratory  animals, 
which  are  so  refractory  to  Koch's  vibrio.  Only  very  young  animals, 
especially  uiiweaned  rabbits,  are  capable  of  contracting  fatal  intestinal 
cholera,  but  these  animals  may  contract  it  not  only  from  the  true 
'  Comt)l.  rend.  Acad.  d.  tc..  Paria,  IttôO,  t.  xci,  p.  S8. 
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cholera  vibrio  but  also  from  Gumaleia's  vibrio.  As  soon  as  rabbits 
begin  to  feed  on  vegetables  they  acquire  an  immunity  which  La 
insuperable. 

It  is  most  assuredly  not  the  digestive  ferments  of  the  intestine 
that  ]>n)tect  tlie  animal  against  infection  through  the  intestine. 
The  contents  of  every  part  of  the  small  intestine  of  the  Vertebrata 
permit  an  abundant  development  of  all  sorts  of  bacteria,  and  in 
solutions  of  trypsin  not  only  do  pathogenic  and  resistant  micro- 
organisms grow  luxuriantly,  but  also  saprophjtes  and  tlie  moât 
inoflFensive  bacteria.  Weigert  ^  influenced  by  this  fact  even  Sîiw  in  it 
an  objection  to  the  theory  that  the  destruction  of  micro-organisms 
in  the  animal,  notably  that  which  is  effected  by  the  phagocytes,  is  to 
be  regarded  as  an  act  of  digestion.  It  is  a  remarkable  fact  that 
whilst  trj'psin  is  so  powerless  against  micro  organisms  the  intra- 
cellular ferments,  and  especially  micro-cytase,  whose  kinship  with  the 
group  of  trypsins  is  undeniable,  are  able  to  bring  about  their  digestion 
so  completely. 

[445]  It  was  thought  that  among  the  digestive  fluids  the  bile  more 
especially  exerts  a  definite  antiseptic  power.  It  is  undeniable  that 
this  fluid  is  not  indifferent  for  certain  bacteria.  Talma  aflirms 
that  it  is  bactericidal  for  several  micro-organisms,  especially  the 
diplitlicria  bacillus.  In  many  of  his  experiments,  however,  the  bile 
proved  to  be  incapable  of  killing  micro-organisms  hitroduced  directly 
into  the  g-all-bhiddcr.  According  t*»  the  researches  of  Gilbert  and 
Dominici*  the  bile  does  not  prevent  the  abundant  devcloi)ment  of 
micro-organisms  capable  of  setting  up  diseases  of  the  biliary  pai^sages, 
such  as  the  BnciUtts  cofi.  I  liave  ti'ied  to  jjrevent  the  multiplication 
of  the  cholei-a  vibrio  by  the  addition  of  bile,  but  my  residts  were 
entirely  negsitive.  If  the  bile  in  an  uiulîluted  state  has  such  a  slight 
action  upon  so  many  kinds  of  bacteria,  it  is  evident  that  we  csuinot 
eount  npon  its  antiseptic  action  when  it  passes  into  the  small 
intestine,  where  it  is  mixed  with  all  sorts  of  other  suljstances. 

The  digestive  fliuds  of  the  small  intestine,  either  those  that  are 
non-bacterici<lal,  the  pancreatic  juice,  or  those  that  are  not  very 
active,  the  bile,  are,  nevertheless,  cajiable  of  producing  a  marked 
influence  on  certain  poisons,  and  amongst  others  on  ceilain  microbial 
toxins.  According  to  the  experiments  of  Nencki  and  of  Mmea  Sieber 
and   Schoumow-Simanowski  (/.c),  trypsin  is  much  more  antitoxic 

'  Furl*ckr.  tl.  Med.,  Berlin,  18tW,  Bd.  vi,  8.  809. 
*  Ccnupt.  rend,  Soc.  de  biol.,  Paris,  1894.  p.  3S. 


agfiinst  the  diphtheria  poison  than  is  pepsin.  Thus,  the  pancreatic 
juice  of  both  tlie  rabbit  and  the  guinea-pig  destroys  this  toxin  much 
raorc  actively  tlian  iloes  the  gjistric  juice.  Tlie  pancreatic  juice  of  the 
dog  exerts  a  very  powerful  action  on  tlie  same  toxin.  A  gramme  of  this 
fluid  neutralises  ten  tliou.sand  lethal  doses  of  the  toxin.  Wehrmann, 
aUo,  found  that  trj'psin  inhibits  the  poisonous  action  of  snake 
venom.  Bile  also  exerts  an  action  upon  certain  iioisons.  Mixed 
with  diphtheria  and  tetanus  toxins  it  prevents  their  pathogenic  effect. 
It  also  neutralises  the  venom  of  snakes,  as  has  Iwen  observed  by 
Fraser*,  Phisalix*  and  Calniette*.  All  the  venoms,  when  placed  in 
contact  with  fresh  bile  for  24  hours,  induce  no  injurious  effect  when 
the  mixture  is  injected  into  normal  animals.  Bile,  heated  to  100°  C,  [446] 
and  even  to  120°  C,  is  still,  tljou{;h  more  feebly,  active.  To  obtain 
these  results,  however,  it  is  indispensable  to  prepare,  beforehand, 
a  mixture  of  the  two  fluids.  When  injected  separately,  whether  at 
the  same  time  as,  before,  or  after,  the  venom,  the  bile  does  not 
prevent  poisoning.  The  venom  when  iiijected  directly  into  the  gall- 
bladder of  the  rabbit  sets  up  fatal  intoxication  to  the  same  degi-ee  as 
does  the  same  dose  of  venom  introduced  subcutaneously.  Calmette, 
who  made  this  experiment,  explains  this  negative  result  as  due  to  the 
too  rapid  absorption  of  the  veuoni,  which  has  uot  hatl  time  to  be 
affected  by  the  destructive  action  of  the  bile. 

A  protective  action  of  the  bile  luus  been  determined  with  regard 
to  two  viniscs,  the  micro-organisms  producing  which  are  not,  as  yet, 
known.  Koch*  succeeded  in  vaccinating  Bovidae  with  the  bile  of 
animals  that  had  died  from  rinderpest,  and  Frantzius*  prevented 
animals  from  contracting  rabies  when  he  inoculated  into  them  rabic 
virus  mixed  with  the  bile  of  rabbits  that  had  succumbed  to  that 
disease.  Vallée'  points  out,  however,  that  the  bile  of  the  normal 
rîibbit  proiluces  exactly  the  same  effect.  Here,  then,  we  have  to  do 
with  a  preventive  action  of  the  bile,  as  such,  against  the  rabic  virus. 
In  the  present  state  of  our  knowledge  it  is  impossible  to  say  whether 
this  influence  of  the  bile  is  directed  against  the  toxin  or  against  the 
unknown  micro-organism.  Analogy  would  lead  us  to  accept  the 
former  of  these  two  suitposttions. 

«  £rtt.  Ated.  Jouim.,  Loudon,  1897,  Vol  n,  p.  595. 
■  Compt.  rend.  Soc.  de  bioi,  Fario,  1S98,  p.  1057. 

*  .-Inn.  </d  I' /tut.  PatUnr,  Paris,  1898,  t  xn,  p.  345. 

«  DetiUche  med.   Wchn$chr.,  Lcijjzig,  18a7.  88.  225.  tJ41. 

*  Centralht.  /.  Bukleriol.  u.  Pnniaitenk.,  Jena,  1898,  Abt.  T,  BJ.  Jtsiii,  .S,  7S2. 

*  Ann.  de  i'inst.  Pasteur,  Paris,  1699,  t  Xiu,  p.  SOU. 
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i  and  the  figeitive  jnioea  are 
ind  anoe eerlam  of  tlMBB ktter  I 
tfaMM  aw  aaat  aeek  aoaie  other  eaiite  fcr  tbeb 
profaable  that  the  Tital  eoa^wtitioii  aaoQs  ^^ 
«hoae  rOle  ooold  be  fumaeciD  in  the  bmocal  cavi^,  : 
iaportaace  in  rdbtioa  to  the  phenomena  of 
the  iaaoeiiOHneai  of  infectare  bacteria  m  the  iirteaÛnalonBiP.  lib 
[«47]  ocimplex  and  dificdi  chapter,  ap  to  the  preaeal^  kaa  beoB  alafieA 
in  H  ren-  imjierfeot  ftiihion.  In  oar  obeervatiane  on  tfciilua  'a* 
hare  remarked  that  under  certain  conditions  the  cholera  libriaa  ai 
net  develop  on  gelatine  plates,  except  m  the  Be%lribaadbeoi  of 
eertam  iwijuv«int  micro-orgaaisins  each  aa  the  Tlnndbe  aaid  the 
SafOBM.  Ooided  bgr  this  ftct  we  hare  suceeeded  in  jiradadag 
intrwtiiial  cholera  in  sodding  rabbits,  viih  raoea  of  Tibrioa  ^rineh, 
vfaen  ingealed  alone  bv  tbe«e  anfmalw,  remain  innocnous  or  aet  iq> 
the  difiea«e  only  occasionally.  We  hare  conrinoed  ooraelyea  of  tie 
hdpful  action  of  certain  repreoetitatires  of  the  gaetro-inteetiBal  flon 
upon  true  cholera*.  Following  on  these  obserratioaB,  H  tn»  qob 
natural  to  suppose  that  this  flora  might  also  contain  micro-orponn 
capable  of  hindering  the  development  and  toxic  actioQ  of  the  c^fllen 
vibrio.  NVe  have  even  advanced  the  hypothesis  that  these  "hiDderiag* 
Diicro-orgauii«nw  in  the  flora  of  the  digestive  canal  may  explain  the 
immunity  of  animalH,  of  many  human  individuals,  and  even  of  the 
|>opulatiou  of  unaUacked  towns,  to  intestinal  cholera.  We  diOoM 
liave,  then,  in  the  intestinal  contents,  inhabited  by  a  number  of 
micro-organisms  and  deprived  of  bactericidal  juices,  an  important 
facUiP  which  in  many  cases  guarantees  a  reftactor;  conditimL  It 
muKt  be  stated,  however,  that  prolonged  studies,  carried  out  with 

*  PeriM|B  tbe  intotiiuil  micro-organisma  aUo  play  a  part  in  the  inniuaitr  of  ti» 
saimal  Hgaiiut  EntouM.  Many  of  the  examples  of  thù  immauity  are  verr  ctritiag. 
Certain  intestiuui  wunu«  can  lire  onlj  in  the  digestire  canal  of  a  «ingle  or  of  ■  ray 
imall  nambcr  uf  8i)ecie8  of  auimali.  When  we  feed  rabbits  with  a  quantity  of  tbs 
cvilicerci  of  the  pig  these  pau  living  into  the  small  intestine  and  are  there  Uran»- 
formod  into  true  ocolices.  Bat,  iutead  of  reproducing  tbemsekea,  tbey  ar«  expeUed 
and  never  give  rise  to  the  development  of  taeniae.  The  immunity  against  fntattistl 
pomaitea  lias  never  been  nude  the  object  of  special  sindv,  and  it  is  only  aa  a  pan 
hypotbesift  tlial  I  offer  this  8u;;gù»tion  u«  to  the  purt  played  by  the  micro-orgatuott 
of  the  intestinal  flora. 

■  Ann.  de  FIfut.  Patteur,  Paris,  lS»i,  t  vui,  p.  6é». 


the  object  of  demonstrating  in  suckling  rabbits  the  precise  part 
played  by  these  micro-organisms  which  prevent  cholera,  have  not 
given  any  satisfactory  results.  This  we  attribute  to  our  very  im- 
perfect knowledge  of  the  microbial  population  of  the  digestive  organs. 

If  the  destruction  by  representatives  of  the  normal  intestinal  flora 
of  the  micro-orgrmisms  which  penetrate  into  the  intestines  has  not  as 
yet  been  satisfactorily  demonstrated,  the  i^iowcr  of  these  latter  to 
destroy  microbial  toxins  cannot  be  doubted.  We'^  have  shown  thiit 
a  great  number  of  micro-organisms  develop  well  in  broth  cultures  of 
the  tetanus  bacillus  which  contain  a  quantity  of  specific  tnxiu.  Tiiis 
toxin  is  destroyed  under  the  influence  of  this  microbial  vegetation, 
but  tlie  production  of  antitoxin  never  results.  Charrin  and  Jlaugin"  [-t-»»] 
have  observed  similar  facts. 

As  the  destruction  of  bacterial  toxins  by  micro-organisms  tiikes 
place  with  great  constancy  and  rapidity,  it  is  quite  natural  to  suppose 
that  the  same  phenomenon  occurs  also  in  the  intestinal  canal  of  living 
animals  in  which  pathogenic  niicro-organisms  have  succeeded  in 
secreting  their  toxic  products. 

The  liver  having  long  been  recognised  as  the  purifying  organ 
of  the  products  resulting  from  digestion,  it  has  been  asked  if  it  might 
«ot  sUso  play  a  \iavt  in  the  destruction  of  microbial  poisons.  Certain 
facts  point  to  its  inhibiting  influence  on  the  action  of  nicotin,  atropin, 
and  of  certain  other  alkaloids,  and  we  have  other  facts  which 
demonstrate  the  power  of  the  liver  to  transform  into  urea  the 
ammoniacal  sxibstances  arising  from  the  activity  of  the  digestive 
glands.  When  Nencki,  Pawlofl;  and  their  collaborator^  succeeded  in 
making  the  portal  vein  communicate  with  the  vena  cava,  and  thus 
were  able  to  suppress  the  purifying  function  of  the  liver,  they  found 
that  their  dogs  Ijecanie  poisone<l  in  consequence  of  the  accumulation 
of  ammonia  in  the  animal  organism. 

Guided  by  these  data  as  to  the  protective  rôle  played  by  the  | 
liver  an  attempt  was  made  to  apply  them  to  the  action  of  this  organ 
on  bacterial  toxins  such  as  the  diphtheria  poison.  The  numerous 
attempts  undertaken  in  this  direction  have  given  negative  results  : 
the  liver  was  not  found  to  be  capable  of  destroying  this  toxin. 
Bouchard,  Charrin  and  Rufter  have  studied  the  action  of  the  liver  on 
the  pyocyanic  toxin.    They  thought  that  they  could  make  out  a 

'  Ann.  de  I'/ntt.  Peut«ur,  Fans,  IS07,  t  »,  p.  803. 
'  Compt.  rend.  S'X.  de  bioL,  Purio,  1S97,  p.  545. 
■  Arch,  de  Sci.  biol.,  8t  PétenU/uig,  lSt>2,  1. 1. 


428 


Chapter  XIII 


certain  antitoxic  action  of  this  organ,  but,  later,  Charrin*  convince<l 
himself  that  the  bacterial  secretions  are  only  "moderately  modified  " 
under  tlicse  conditions,  and  that  it  is  more  especially  the  parts  soluble 
in  alcohol  which  undergo  modification  in  the  liver.  Now,  the  true 
bacterial  toxins,  as  is  well  known,  are  distinguished  by  their 
insolubility  in  alcohol.  Moreover  in  the  numerous  experiments  made 
by  Roux  and  Vaillard  and  so  many  other  observers  on  the  tetanus 
and  diphtheria  toxins  there  has  never  been  any  evidence  of  any  kind 
of  antitoxic  action  of  the  liver. 

The  digestive  organs  are  furnished  throughout  with  a  defensive 
[449]  apparatus  against  micro-organisms  ;  tliis  consists  in  an  accumulation 
of  lymphoid  tissue  in  the  form  of  patches  or  groups  of  solitary 
glands: — the  tonsils,  Fever's  patches,  and  the  solitîiry  glands  of 
the  intestine.  These  organs  produce  a  large  number  of  phagocytes 
which  are  able  to  come  into  close  contact  with  the  micro-organisms. 
Ribbert-  and  Bizzozero'  have,  independently  or  almost  simultaneously, 
described  glandular  masses  in  the  coecum  of  the  rabbit  in  which  they 
recognise  the  presence  of  many  micro-organisms  derived  from  the 
intestinal  content  They  noted  that  the  greater  number  of  these 
bacteria  were  within  cells,  and  regarded  this  as  an  example  of 
pliagocj  tic  reaction.  Manfrcdt*  wa,s  able  to  confirm  this  interpretiition 
by  the  demonstration  tliat  the  ingested  micro-organisms  were  dead. 
Later,  Rufler*  studied  this  question  in  my  laboratory.  He  observed 
intestinal  phagocytosis  in  Peyer's  patches  in  several  species  of  anin)al!<, 
and  sliowed  that  the  lymphoid  tissue  contained  large  macrophages 
filled  with  bacteria  and  microphagcs  in  process  of  intracellular 
digestion.  Amongst  these  latter  he  recognised  leucocytes,  which  in 
turn  contained  micro-organisms.  The  accumulation  of  phagocytes 
in  the  lymphoid  organs  of  the  digestive  canal  constitutes,  so  to  8]>eak, 
the  last  act  of  a  s^tiiigglc  which  is  (<pread  over  a  very  wide  field. 

Some  years  ago  Stohr  demonstrated*  that  the  wall  of  the  intestine, 
and  especially  the  tonsils  and  other  lymphoid  org-ans,  are  traversed 
by  an  enormous  number  of  leucocytes  which  execute  a  kind  of 
migration  towards  the  cavities  containing  micro-organisms.  This  con- 


'  "  Lea  défeiiBes  naturelles  de  t'organisme,"  Paris,  1S98. 

'  DmUche  mfd.  Wchntrchr.,  LelpKiç,  1885,  S.  197. 

»  Centrait,  f.  d.  med.  WU»etiich.,  Berlin,  Jahrg.  1885,  8.  801. 

*  Gior.  internas,  d.  te.  med.,  Napoli,  li>S6,  p.  318. 

'•  Quart.  Jauni,  ificr.  Se,  Lond.,  1S90,  Vol.  xx.\,  n.s.,  p.  4SI. 

"  Virchow'i  Archie,  ISSi,  Bd.  xcvu,  S.  211. 


tinual  aud  normal  coudition  is  oftcu  termed  Stohr's  pbenomenou. 
It  is  evident  that  we  have  here  a  process  of  phagocytic  defence  in 
which  the  leucocytes,  disseminated  through  the  digestive  canal,  give 
chase  to  the  micro-organiisinti  tliat  are  nearest  to  the  living  portions 
of  this  organ.  "Wlien  wo  remove  a  particle  of  mucus  from  the 
surface  of  the  tonsils  of  a  person  in  good  health  we  always  find 
that  it  contains  leucocytes,  esitccially  microphages,  filled  with 
micro-orgunisnts  of  all  kinds. 

The  protection  of  the  tligestive  mucous  membrane  is  a  more 
complicated  process  than  that  of  other  mucous  membranes,  and  many  [450] 
of  the  points  concerned  therein  are  still  obscure  and  need  to  be 
elucidated  by  further  research.  It  might  be  thought  that  the  pheno- 
mena, associated  with  ti»e  defence  of  the  niucous  membrane  of  the 
genitiil  organs,  being  much  more  simple  aud  yet  of  similar  nature, 
should  be  much  more  easily  made  out,  and  that  these  would  throw 
light  on  several  aspects  of  the  problem  of  the  general  defence  of 
the  animal.  Obstetricians  and  gynaecologists  have  certainly  given 
much  attention  to  this  question  as  regards  the  female  genital  organs, 
but  we  are  still  far  from  possessing  a  satisfactory  knowledge  of  this 
subject.  There  already  exists  quite  a  literature  on  the  question, 
dominated  by  the  work  in  two  vohmies  published  by  ^lenge  and 
Kronig^  but  a  satisfactory  solution  has  still  to  be  obtained. 

At  birth  the  vulva  and  the  vagina  are  free  from  micro-organisms, 
but  they  soon  become  inhabited  and  a  fairly  abundant  flora,  in 
which  may  be  recognised  certain  predominant  species,  such  as  the 
bacillus  of  Doederlein,  is  develo^ied.  Micro-organisms,  therefore, 
can  exist  in  the  vulva  and  the  vagina,  and  yet,  when  we  intro- 
duce into  these  organs  cultures  of  various  bacteria,  saprophytic 
or  pathogenic,  they  soon  disujipear.  We  have  the  plienon)euon  to 
which  Menge  has  given  the  name  of  "  autopurification  "  of  the  female 
genital  organs.  He  himself,  as  well  as  his  predecessors,  Doederlein 
and  Stroganoft',  tried  to  make  out  the  mechanism  of  this  purification. 
In  the  new-born  female  child  the  phenomenon  is  less  complicated 
than  in  the  adult  According  to  Menge  the  acidity  of  the  vaginal 
secretion  in  these  infants  at  first  prevents  the  development  of  a 
large  number  of  bacteria.  Associated  with  this  factor  is  a  marked 
emigration  of  leucocytes,  which  destroy  the  bacteria  by  an  act  of 
j)hagfK-ytosis,  or  perhaps  by  their  products  that  have  esaiped  int«i 
the  vagiual  mucus.  As  a  third  element  to  wliich  much  in)|K)rtance 
'  "  Bakteriologio  des  weiblichen  Geuitolkaiuilti,''  Leipzig,  1897. 
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is  attributed,  we  must  accept  the  interreution  of  acidophile  bacteria 
which  grow  well  iu  acid  secretions  but  which  hinder  the  development 
of  other  micro-organisms.  Doederlein  concludes  that  it  is  more 
especially  to  the  bacillus  which  bears  his  neune  that  the  vagina  oweg, 
its  protection  against  infectiTe  germs.  Menge,  however,  attribut 
this  action  to  a  whole  series  of  bacteria. 

After  introducing  a  quantity  of   the  Staphylœoeatê 
into  the  vagina  of  new-bom  females,  Menge  found  that  they  grei 
[431]  for  a  certain  length  of  time.     Their  presence  excited  a  great  ac^l 
cumulation  of  leucocytes  in  the  vaginal  mucus,  this  being  followed  1 
by  a  very  marked  ingestion  of  the  micro-organisms,  but  it  was  only 
from  the  moment  when  the  vagina  became  peopled  with  the  bacteria 
which  constitute  its  normal  flora  that   the  staphylococci  b^an  bo 
disappear.    This  process  of  autopurification  only  ceased  three  day« 
after  the  introduction   of  these   bacteria.     Menge   asked   himâelfJ 
whether  some  purely  mechanical  element  did  not  contribute  to  ridJ 
the  vagina  of  the  micro-organisms  which  had  entered  it    To  setUei] 
this  jioiut  he  introduced  into  this  cavity  grains  of  vermilion,  and' 
as  these  latter  remained  there  for  a  longer  period  than   did  th« 
nUcro-organisms,  he  concluded  that  the  vagina  was  iucai>ab]e  of 
purifying  it^lf  by  mechanical  means.     We  must,  however,  in  these 
exiKrriments  take  into  account  the  fact  that  the  micro-orgamau , 
which  Menge  introduced  into  the  vagina  excited  considerable  réaction,] 
aoconi|Miiie«l   by  a   marked   leucocytoais.    Under  these    cooditiaot 
there  9hi)uUt  be  produced  a  greater  quantity  of  the  mucous  secretioM , 
which  could  much  more  readily  carry  off  with  them   the  micro- 1 
organisms  that  had  come  into  the  vagina  than  the  smaller  quantity 
coidd  deal  with  the  vermilion.    It  is  very  probable,  therefore,  that,] 
jost  as  in  the  case  of  the  other  mucous  membranes,  that  of  the! 
female  genital   organs  is  capable  of  medanicaDy  exjiclling  fine 
partides,  and  especnllr  mkro-organisnis. 

AVith  the  olôêct  of  throwing  further  light  on  the  problem  of  the 
autopuriBcation  of  tlte  vagina,  Cahaneaca*,  workiug  in  my  laboratory, 
undertook  experintents  on  the  females  of  sereral  species  of  mamniak 
The  nuur«>.  as  {irodudng  the  greAtcst  amount  of  vaginal  mucus,  was 
stltH ((hI  by  this  observer  as  mntable  for  the  rcttlinç;  of  thi.x  question 
of  tlie  bsictericidal  power  of  this  aecretioii.  The  result  was  abâolutelr 
motive,  wen  when  $ttd)  an  jnofffmnive  si^irophyte  as  the  Cooco- 
iHiciUti*  ftrodifioms  «as  «sed.  The  antopnrification  of  the 
*■  Amm,  é«  finit,  T^wlmr,  Pkn^  IMl,  L  xt,  \>.  642. 
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of  the  female  dog,  rabbit  and  guinea-pig,  was  found  to  be  neither 
very  niarketl  nor  very  active.  The  micro-organisms  iutro*luced  into 
the  vagina  usually  remained  there  for  some  time.  Of  all  the  factors 
in  the  microbial  destiniction  which  Cahanescu  was  able  to  make  out 
that  of  the  accunudatiou  of  leucocytes  was  the  most  active.  Some- 
times lie  observed  an  extraordinary  amount  of  phagocytosis,  wliilst 
in  other  experiments  this  was  slight  or  even  absent.  Many  of  the 
leucocytes  being  killed  iu  tiic  vaginal  mucus,  it  is  possible  that  in 
M>me  cases  a  certain  bactericidal  action  of  the  cytases  which  have  [45^] 
e8cape<l  from  these  dead  leucocytes  is  set  up.  It  is  true  that  the 
vaginal  secretion  of  the  mare  did  not  exhibit  tliis  antimicrobial 
property  in  vitro,  but  in  the  other  animals  experimented  upon  it 
was  found  impossible  tu  make  similar  experiments,  the  quantity  of 
mucus  being  too  small.  In  woman  the  acidity  of  the  surface  of  the 
mucous  membrane  of  the  vulva  and  of  the  viigina,  so  frequently 
present,  may  play  a  certain  i»art  in  the  protective  action  against  those 
luicteria  which  cannot  tolerate  the  acid  medium,  but  the  animals 
studied  by  Cahaneecu,  even  female  dogs,  do  not  possess  this  advan- 
tage, their  nmcous  membranes  usually  having  an  alkaline  reaction. 

In  the  urinary  channels  this  acid  reaction  also  plays  a  part,  as  one 
of  the  defensive  agencies  against  the  penetration  of  bacteria.  This 
may  also  be  effective  in  man  and  other  animals  that  have  an  acid  urine. 
In  many  other  animals,  however,  where  the  urine  is  alkaUne  micro- 
organisms do  not  pass  into  the  deeper  parts  of  the  urinary  organ 
under  normal  conditions.  Here  it  is  to  the  outflow  of  the  urine  that 
the  bladder  owes  its  immunity  against  pathogeidc  micro-organisms 
and  saprophytes.  Wlien  we  connect  two  flasks  containing  sterilised 
bn)th  in  such  a  way  that  the  fluid  flows  slowly  from  one  of  them  into 
the  otlier,  the  former  never  becomes  contaminated  by  the  micro- 
orgtudsms  which  are  present  in  the  latter,  in  which  latter  the  broth 
is  soon  transfonned  into  a  purée  of  bacteria,  whilst  in  the  foiniier 
the  broth  remains  unaflected  and  aseptic  This  purely  mechanic-al 
factor  has  been  well  bnjught  out  by  Preobrtyensky^  aa  the  result 
of  work  carried  out  in  Duclaux's  laborator}-.  The  sterility  of  tiio 
normal  urinary  bladder  must  be  attributed  to  a  similar  cause,  AVhen 
the  urine  begins  to  sta^niate  in  the  bladder  it  very  readily  becomes 
contaminated. 

Since   the  acceptiince  of  the  view  that  the  suprarenal  capsules 
serve  to  neuti-alise  the  eflect  of  certain  toxic  substances  elaborated 
•  Ann.  detlniL  Pasteur,  Pui-b,  1897,  t  ii,  p.  0a9. 
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in  the  body,  there  has  been  an  inclination  to  assume  that  these 
organs  might  also  fulfil  an  antitoxic  rule  against  microbial  poisons. 
The  liypothesis  was  advanced  that  this  function  might  be  shared 
by  the  suprarenal  capsules  with  the  thyroid  gland  and  with  certain 
other  problematical  organs.  We  have  already  stated  (Chapter  v> 
that  the  suprarenal  capsules,  in  some  experiments  where  spermo- 
toxiu  was  injected  into  rabbits,  exhibited  a  certain  antispermotoxic 
[453]  power.  But,  up  to  the  present,  no  exact  fact  has  been  observed  that 
would  favour  the  idea  of  an  antitoxic  action  of  the  above-mentioue<l 
organs  against  bacterial  toxins.  Roux  and  Vaillard',  in  their  great 
work  on  tetanus,  have  made  experiments  in  tliis  direction,  but  their 
results  did  not  justify  them  in  giving  a  positive  answer  to  the 
question. 

Nature  does  not  make  use  of  antiseptics  to  protect  the  skin  and 
the  mucous  membrane.  The  lluids  which  moisten  the  s^xrface  of  the 
mouth  and  of  other  mucous  membranes  are  not  microbicidal,  or 
are  so  to  a  very  slight  degree,  and  then  rather  of  an  exceptional 
nature.  Nature  rids  the  mucous  membi-anes  and  the  skin  of  a  large 
number  of  micro-organisms,  eliminating  them  by  epithelial  desquama- 
tion, and  expelling  tbeni  along  with  fluid  secretions  and  excretions. 
Nature,  like  the  doctors  of  the  present  day  who  replace  antisepsis  of 
the  mouth,  intestine,  and  other  organs  by  washing  with  pure  physio- 
logical saline  solution,  has  chosen  this  mechanical  method.  She 
avails  herself  of  the  help  of  inoffensive  micro-organisms  to  prevent 
pathogenic  micro-organisms  from  Uiking  up  their  abode  in  these 
jxtsitioug,  and  she  is  constantly  sending  to  all  the  mucous  membranes 
and  the  skin  an  army  of  mobile  phagocytes  which  explore  the  ground 
and  rid  it  of  micro-organisms.  When  these  begin  to  get  more 
numerous  the  phagocytic  reaction  becomes  more  intense.  A  struggle 
takes  place  between  the  two  living  elements — phagocytes  and  micro- 
organisms. In  those  cases  where  the  animal  remains  unaffected  the 
former  gain  the  upper  hand. 

'  Ann.  de  I'Jnst.  Paateur,  Paria,  1893,  t.  vu,  p.  65. 
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Immunity  acquired  after  recovery  from  infeiitive  diseases. — Immunity  acquired  in 
malarin. — Humoral  properties  of  convaleacents  from  typhoid  fever. —  Preventive 
power  of  the  blood  of  personsi  who  have  recovered  from  Asiatic  cholera. — 
Antitoxic  power  of  the  blood  of  persons  who  liave  recovered  from  diplithcria. 

Immunity  acquired  by  heredity. — Absence  of  hereditary  immunity  properly  so-called. 
— Immunity  conferred  by  ilie  matemiil  blood  and  by  the  yolk. 

Immunity  conferred  by  the  milk  of  the  motlicr. 

It  has  long  been  knowii  that  an  attack  of  one  of  many  of  the  in- 
fective diseases  brings  about  a  refractory  condition  of  the  organism 
against  that  disease,  a  condition  which  persists  for  many  years,  and 
may  even  endure  for  life.  Even  before  ttie  tnicrobtological  era  of 
medical  science  had  arrived  it  had  lieeii  fully  estiiblished  that  a 
person  who  had  recovered  from  small-pox  might  come  in  contact 
■with  and  nui-se  small-poi  patients  without  risk  of  contracting  a 
second  attack  of  the  liisease.  The  same  thing  has  been  ol>served 
purely  em^nrically  in  several  other  infective  diseases,  such  as 
whooiiiug-cough,  typhoid  fever,  scarlatina,  mumps,  etc.  On  the 
otlier  hand  it  ha»  been  shown  that  certain  infective  diseases,  such 
as  fibrinous  pneumonia,  erysipelas,  rectirrent  fever,  an<l  influenza, 
do  not  leave  behind  them  the  slightest  trace  of  an  immunity.  It 
has  often  been  observed,  indeed,  that  after  a  first  attack  of  any  of 
these  diseases  there  is  a  marked  susceptibility  to  a  second  atttick. 
Between  these  two  extremes  come  the  infections  which  are  followed 
merely  by  a  refractory  condition  of  shorter  duration  than  that  which 
follows  the  diseases  of  the  first  group.  The  finst  of  this  intermediate 
group  is  measles,  which  gives  rise  to  a  relatively  long  immunity,  then 
come  in  order  bul>onic  plague,  anthnix,  cholera,  etc. 

It  should  be  statetl  that  the  first  attack  of  any  of  the  infective 
diseases  causes  modifications  more  or  less  permanent  in  the  organism, 
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and  is  always  followed  by  immunity.  Even  in  erysipelas,  a  dis.ease 
[455]  where  the  relapses  are  so  frequent  that  certain  individuals  are,  so  to 
speak,  predestined  to  re-acquire  it  at  short  intervals,  an  immunity  is 
pro<lucc<l,  but  a  very  transient  one.  Since  the  discovery  of  the  strepto- 
coccus of  erysipelas  by  Fehteisen',  this  observer,  and  several  other 
investigators,  have  inoculated  it  into  persons  affected  with  malignant 
tununirs.  In  the  course  of  a  series  of  experimental  cases  of  treat- 
ment it  was  noted  on  several  occasions  that  after  a  first  inocidation, 
followed  by  typical  erysipelas,  a  period  of  immunity  waa  developed, 
during  wliich  the  introduction  of  the  streptococcus  produced  no 
result  It  Inis  also  tx;en  observed  that  recurrent  fever,  when 
inoculated  into  monkeys,  sets  up  a  very  transient  but  real  re- 
fractory condition.  In  fibrinous  pneumonia,  also,  the  relapses  are 
generally  separated  by  periods  of  inununity,  of  longer  or  shorter 
dunition. 

It  was  generally  supix)sed  that  an  attack  of  malarial  fever  was 
not  only  not  followed  by  any  immunity,  but  that  a  first  attack 
predisposed  the  organism  to  a  second.  Facts  of  this  kind  have 
often  l.)cen  observed  and  cannot  now  be  questioned.  Nevertheless, 
an  acquired  imnuniity  against  malaria  is  developed  under  certain 
conditions.  During  his  travels  in  New  Guinea,  Koch*  found  that  in 
certain  regions  wliilst  most  chihlren  below  ten  years  of  age  are 
attacked  bj'  malaria,  and  Laveran's  parasite  can  be  demonstrated  in 
their  blood,  older  children  and  adults  are  completely  immune  from 
this  infection.  Koch  is  convinced  that  in  this  instance  we  have  an 
example  of  immunity  acquired  by  natuml  means  as  the  result  of  an 
attack  of  malaria  at  the  younger  age.  This  great  observer  bases  bis 
conclusion  on  the  fact  that  unnttacked  adults,  coming  from  districts 
where  the  children  contain  the  parawite,  do  not  contract  malaria  when 
tliey  migrate  to  other  malarial  regions,  whilst  natives  coming  into 
these  same  regions  from  districts  where  malaria  does  not  exist  are 
soon  attacked.  Max  Glogner*  has  attempted  to  explain  these  facts 
established  by  Koch,  on  the  assumption  that  the  xmaffected  adults 
simply  tenefit  by  their  natural  immunity  and  that  we  have  here 
a  kind  of  selection  :  the  adults  who  are  susceptible  to  malaria  die  as 
the  result  of  this  disease,  whilst  others,  naturally  refractory,  resist  and 
[451}]  show  themselves  incapable  of  contracting  the  disease  even  in  other 

»  "  Die  Etiologie  des  Krysipels,"  Berlin,  1883. 

*  DeuUche  med.  U'chmchr.,  Lcii)zig,  1900,  SS.  781,  801, 

»  Firchowi  Archit,  1900,  Bd.  cLxn,  8.  222. 
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malarial  regions.  Glogiier  in  support  of  bis  view  cites  the  case  of  the 
children  of  the  or]»hanage  at  Saraarang  (Java),  who  for  many  years 
are  subject  to  relapses  and  to  malarial  re-infections  and  are  incapable 
of  acquiring  the  slightest  inininnity.  According  to  Koch,  Glogner's 
example  cannot  be  compared  with  that  of  the  children  of  New  Guinea. 
In  the  former  c;ise,  the  natural  course  of  the  disease  is  interrupted  by 
treatment  with  quinine,  which  must  prevent  immuuity  being  set  up  ; 
whilst,  in  the  latter,  the  children  are  abandoned  to  their  fate,  and, 
receiving  no  treatment,  slowly  acquire  a  true  immunity.  It  is 
evident  that  this  acquired  immunity  in  nialiiria  is  a  complex  pheno- 
menon on  which  fresh  researches  must  be  made  ;  but  it  cannot  be 
questioned  that,  under  certain  conditions,  it  comes  under  the  general 
rule  and  can  be  naturally  acquired. 

This  genera]  rule  is  that,  in  infective  diseases,  immunity  is 
usually  developed  after  a  first  attack.  The  acquire<l  refractory 
condition  is  of  very  long  duration  in  certain  cases,  but  very 
transitory  in  othci-s.  To  the  discovery  of  the  vaccination  by  at- 
tenuated micro-organisms,  made  by  Pasteur  and  his  collaborators, 
the  objection  was  often  made  that  many  diseases,  such  as  anthrax, 
might  relapse.  This  is  undoubtedly  the  case;  the  anthrax  bncillus 
may  attack  the  same  individual  several  times;  nevertheless  the 
acquired  immunity  against  this  disease  is  very  real,  though  the 
refractory  condition  lasts  fi»r  one  or  a  few  years  only,  instead  of 
persisting  for  a  very  much  longer  peritxl,  as  in  the  case  of  typhoid 
fever,  mumps,  and  small-pox.  Bearing  in  mind  the  possibility  of  a 
relapse  in  the  Ciise  of  these  infective  maladies,  attempts  at  artificial 
Taccinatiou  should  never  be  relinquished. 

Among  the  examples  of  immunity  acquired  by  natural  means 
must  be  cited  that  of  syphilis,  a  very  special  case.  It  has  long  been 
known  and  demonstrated  by  numerous  experiments  on  man,  that 
individuals  who  have  presented  the  primary  symptoms  of  syphilis 
contract  a  marked  immunity  against  a  new  iufectii)n.  The  syphilitic 
cliancre  does  not  relapse,  and  yet  tliis  very  manifest  and  persistent 
immunity  does  not  prevent  the  individual,  immune  against  re-infeo- 
tion,  from  continuing  to  be  ill  and  of  being  the  field  for  the  later 
syphilitic  phenomena.  This  special  refractory  condition  has  done 
great  service  in  establishing  the  etiology  of  certain  diseases  which  we  [457] 
were  justified  in  suspecting  to  be  of  syphilitic  origin.  Many  clinical 
observers  have  accepted  this  origin  for  general  progres^sive  pandysis. 
Others  deny  any  causal  relation  between  tiie  two  diseases.    KrufTt- 
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Ebîng'  bas  resolved  this  question  by  the  application  of  the  law  of 
acquired  syphilitic  imamnity.  The  inoculation  of  the  sypliilitic  virus 
into  ten  persons  attacked  by  general  paralysis  was  followed  by  no 
chancre  at  tlie  seat  of  inoculation  and  by  no  other  primary  or 
secondary  symptom  of  syphilis.  The  patients  with  general  paralysis 
present  a  real  immunity  against  these  symptoms  ;  consequently 
general  paralysis  is  a  tardy  manifestation  <if  syphilis. 

The  acquired  immunity  against  re-inoculation  by  the  syphilitic 
vims  is  established  immediately  after  the  end  of  the  period  of  incuba- 
tion of  the  first  infection,  and  is  of  lifelong  duration'.  Besides  this 
very  special  ami,  so  to  sj>eak,  partial  immunity,  there  exists  in  syphilis 
a  second  form  of  acquired  imnuinity  which  is  of  a  more  general 
nature.  According  to  the  law  known  as  the  law  of  Baumès-Colles, 
the  mother  who  suckles  her  infant,  hereditarily  infected  with  syphilis 
through  the  father  only,  enjoys  a  real  anti-syphilitic  innnunity. 

In  tuberculosis  the  few  facts  of  acquired  immunity  that  have 
l»een  observed  present  a  certain  analogy  with  those  bearing  on  im- 
munity in  8yi>hilis.  A  large  number  of  well-observed  facts  demon- 
strate that  a  person  who  has  suffered  from  scrofiila  or  has  manifest 
symptoms  of  tuberculosis  properly  so  called,  cannot  count  upon  an 
immunity  against  pulmonary  phthisis.  It  might,  then,  be  sujn»osed 
that  no  acquired  refractory  condition  exists  in  connection  with  this 
disease.  Koch''  has  clearly  demonstrated,  however,  that  tuberculous 
guinea-pigs,  itrto  which  the  bacilli  of  tuberculosis  have  been  intro- 
duced subcutaneously,  react  against  these  bacilli  in  a  very  special 
manner.  The  presence  of  these  micro-organisms  immediately  sets  up 
an  active  inflanmiatory  process  at  the  point  of  inoculation  ;  this  brings 
about  the  expulsion  of  the  bacilli  with  the  exudation  ;  a  voluminous 
slough  is  developed,  which,  when  shed,  carries  with  it  a  large  number 
of  bacilli,  a  process  followed  neither  by  the  formation  of  a  permanent 
idcer  nor  by  hypertrophy  of  the  neighbouring  glands.  As  in  syphilis, 
the  animal  has  acquired  immunity  against  re-infection  by  the  tuber- 
[458]  culous  virus,  which,  however,  in  no  way  prevents  the  first  inoculation 
from  becoming  generalised  and  setting  up  a  fatal  tuberculosis  of 
almost  all  the  organs.  Koch's  observations,  which  have  served  as  the 
ba.sis  of  his  researches  on  tuberculin,  have  been  confirmed  by  other 
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investigators.    Tlio  reaction  of  the  tuberculous  organism  against  re- 
infection has  received  the  name  of  "Koch's  phenomenon." 

Clinical  medicine  has  afforded  many  data  of  the  highest  import- 
ance bearing  on  the  establishment  of  an  acquired  immutiity  in  many 
infective  diseases  ;  but  a  scientific  study  of  the  mechanism  of  this 
immunity  could  only  be  founded  on  the  result  of  uncrobiological 
researclies  obtained  during  the  recent  period  of  scientific  activity. 
The  general  conclusion  to  be  drawn  from  these  researches  is  tiiat  the 
immunity,  acquired  by  natural  means,  is  very  analogous  to  that  which 
is  obtained  artificirdly  by  vaccination  by  the  various  methods  already 
mentioned.  The  phenomena  observed  in  animals  inoculated  with  the 
various  known  vaccines  present  a  great  resemblance  to  those  that 
obtsiin  during  recovery  from  a  disease  contracted  under  natural  con- 
ditions. To  support  this  thesis  it  would  be  necessary  for  us  to  survey 
the  mechanism  of  healing,  which  would  carry  us  too  far  afield,  the 
subject  being  far  too  vast  to  be  summarised  here.  We  must,  then, 
content  ourselves  with  a  few  remarks  iusei*ted  for  the  instruction 
of  the  reader  on  this  subject 

Those  diseases  against  which  no  remedy  exists  are  most  suitable 
for  fumishing  ua  with  important  information  on  immunity  acquired 
by  natural  means.  We  have  already  seen  in  the  case  of  malaria  to 
what  point  therapeutic  treatment  can  modify  the  natural  course  of 
the  phenomena.  For  this  reason  it  will  be  useful  to  consider  first  the 
immunity  acquired  as  the  result  of  a  first  attack  of  typhoid  fever. 
The  immunity  which  develops  in  this  example  is  both  marked  ami 
I>ersistent  ;  the  therai>eutic  intervention  wliich  might  disturb  the 
natural  phenomena  is  nii. 

As  yet  we  do  not  know  the  mechanism  of  healing  in  typhoid  fever. 
This  disease  aflccting  the  human  species  e.\clu8ively  (the  experi- 
mental peritonitis  of  animals,  set  up  by  the  typhoid  coccobacillua,  ia 
distinguished  by  very  marked  differences),  it  is  very  difficult  to  find  a 
means  of  studying  it  at  all  satisfactorily  during  the  phase  of  recovery. 
Even  in  default  of  this  knowledge,  however,  it  is  possible  to  gather  [459] 
some  idea  as  to  the  changes  which  the  blood  phisma  undergoes,  not 
only  during  the  course  of  an  attack  of  typhoid  fever,  but  also  during 
and  after  convalescence. 

Some  time  ago  Chantemesse  and  WidaP  observed  that  the  blood 
serum  of  i^ersons  attacked  by  typhoid  fever  acquires  the  property  of 
inhibiting  the  experimental  peritonitis  set  up  by  the  typhoid  cocco- 
'  Ann.  de  CIntt.  Pcutaur,  Paria,  1892,  t.  vi,  j».  773. 
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bacillus  in  laboratory  animals.  Tlie  blood  of  the  patient  become* 
"  preventive."  Against  this  conclusion  the  objection  has  l>een  raised 
that  in  the  large  doses  of  scmm  employed  by  the  above  observera 
a  protective  eifect  can  be  obtjiined,  even  when  using  the  blood  of 
normal  men,  i.e.  neither  suft'eriug  from  typhoid  fever,  nor  having 
recovered  from  this  disease.  Later  researches,  however,  have  con- 
firmed the  observation  made  by  Chantemesse  and  WidaL  It  is  no 
doubt  true  that  the  itrjcction  of  half  a  cubic  centimetre  of  normal 
human  serum  into  the  i>erit<«ieftl  aivity  of  an  unti-eated  guinea-pig  is 
often  sufficient  to  render  it  refractory  to  a  dose  of  typhoid  cocco- 
bacilli  fatal  ttt  the  control  animal.  We  have  an  ortlinary  protective 
action,  such  as  described  in  Chapter  x.  The  blood  of  typhoid 
patients  is,  however,  capable  of  protecting  normal  animab,  in  doses 
wjiich  exhibit  not  the  slightest  protective  action  if  normal  blood  be 
used. 

The  protective  power  of  the  blood  scmm  of  convalescents  has  been 
8tudie<l  very  carefully  by  Pfcitfcr  and  Kolle\  In  cert^iin  individuals 
very  small  quantities  (O'OOl  c.c.)  of  this  fluid  were  quite  sufficient  to 
confer  on  guinea-pigs  an  immunity  aguinst  fatal  typhoid  peritoniti& 
This  power  was  at  its  maximum  only  during  the  first  weeks  of  con- 
valescence. In  one  case,  in  which  these  observers  were  able  to  study 
the  properties  of  the  blood  on  two  separate  occasions,  they  found 
that  two  months  after  the  first  examination  there  had  been  a  marked 
falling  off  in  the  acquired  protective  power.  In  a  second  case,  where 
the  blood  was  examined  a  year  after  the  patient  had  recovered  from 
a  grave  attack  of  typhoid  fever,  they  found  only  feeble  indications 
of  this  specific  protective  proi>erty.  "  Everything  seems  to  indicate," 
conclude  Pfeiffer  and  Kollc,  "  that  the  protective  typhoid  sultstances 
were  r.ipidly  eliminated  by  the  blood  etrcAm.  If  further  researches 
should  confirm  these  results,  as  yet  few  in  number,  we  might  conclude 
therefrom  that  the  immunity  which,  after  an  attiick  of  typhoid  fever, 
[460]  persists  for  years,  frequently  even  for  the  rest  of  life,  would  be  in- 
dependent of  the  amount  of  ready-prepared  protective  substances 
in  the  blood"  (/.c.  p.  218).  The  facts  upon  which  this  conclusion  is 
based  confirm  the  general  thesis  that  even  acquired  immunity  ia  iu 
no  way  the  function  of  any  humoral  property. 

We  know  that  in  the  protective  serums  there  is  constantly  found 
the  specific  fixative  (the  sensibilisiiig  substance  of  Bordet,  the  inter- 
mediary body  or  amboceptor  of  Ehrlich).     It  was,  therefore,  quite 
»  Ztfcftr.j:  llyg.,  Leipzig,  1896,  Bd.  xxi,  S.  2ia 
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natnral  that  tins  Bubstance  slioiild  be  snuj;ht  in  the  blood  of  patients 
who  were  suffering,  or  had  recovered,  from  typhoid  fever.  Bordet  and 
Gengou^  easily  demonstrated,  by  the  method  described  in  Chapter  ix, 
the  existence  of  tj'phnfixative  in  the  blood  serum  of  two  individuals 
convalescing  from  this  dtsciise. 

Widal  and  Le  Sourd-  extended  this  discovery  to  the  blood  taken 
during  the  course  of  the  disease  fix)m  typhoid  fever  patients.  The 
ten  cases  studied  by  them  all  gave  a  positive  result,  whilst  all  the 
Bamples  of  bloo<l  from  persons  suffering  from  various  other  diseases 
poesessed  no  typhofixative.  As  yet  we  do  not  know  whether  this 
substance  pei-sists  for  any  length  of  time  after  recovery  or  not  In 
this  respect  we  have  much  more  information  concerning  another 
humoral  profierty  of  typhoid  patients, — specific  agglutination.  Guided 
by  the  fact  that,  even  during  the  course  of  the  disease,  the  blood  of 
persons  suffering  from  typhoid  fever  acquires  protective  properties, 
Widjil  sought  to  find  out  whether  the  agglutinative  power  of  the 
fluids  of  the  body  api)ears  equally  early.  We  know  that  his  stu<iie8 
gave  a  f>ositive  answer,  and  that  the  blood  of  typhoid  [^tients  may 
bare  agglutinative  properties  from  the  first  day  of  the  disease.  This 
fact  was  made  use  of  by  Widal  to  establish  the  serum  diagnosis  of 
typhoid  fever,  a  method  now  generally  used  in  clinical  medicine. 
The  question  which  most  interests  us  at  this  moment  is  whether  this 
acquired  agglutinative  proi>erty  persists  for  any  length  of  time  after 
the  recovery  of  the  patient,  and  whether  it  can  be  employed  as  the 
measure  of  immunity  obtained. 

In  certain  cases  the  serum  was  found  to  be  fairly  strongly  aggluti- 
native for  a  considerable  period  after  recovery  had  taken  place.  But 
these  cases  are  rare,  and  the  agglutinative  power,  like  the  protective 
power  of  the  bloo<i,  usually  begins  to  decrease  very  soon  after 
recovery.  Bensaude^  observed  that  the  former  disappeared  between  t*6i] 
the  10th  and  9.ôth  day  of  apyrcxia.  Widal  and  Sicaril*  have  note<l  in 
certain  of  their  cases  the  complete  disappearance  of  the  agglutinative 
power  of  the  bloo*!,  which  took  place  in  one  case  on  the  18th,  in 
another  on  the  2-lth  day  of  defervescence.  In  many  convalescents, 
fifteen  to  thirty  days  alter  the  commencement  of  ai»yrexia,  the  agglu- 
Unative  iK)wer  begins  to  be  attenuated. 

'  Ann.  de  rtmt.  Patleur,  Paris,  1901,  t  xv,  p.  289. 

*  Ball,  et  mém.  Soc.  mid.  d.  hop.  de  Pari*,  ISKil,  20  juin,  p.  624. 

'  "  Le  phénomène  de  r^^lutination  des  microbes,"  Paria,  1897,  p.  76. 

*  Prt*$i!  méd.,  l'aris,  189t>,  N'a  83. 
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Previous  to  t1ie?!e  researches  on  the  protective  and  agjrhitinatire 
properties,  Stern'  had  already  put  the  question:  May  we  not  draw 
Bome  general  conclusion  as  to  the  liactericidal  power  of  the  blood 
serum  of  convalescents  from  typhoid  fever?  He  found  that  the 
typhoid  coccobacilli  did  not  thrive  so  well  in  the  blood  Benim  of 
persons  in  good  health  as  in  that  of  convalescents,  in  which  they  give 
abundant  cultures.  Widal  and  Sieard  (?.c.)  subjected  this  question 
to  a  fresh  examination,  and  showed  that  in  this  r&spect  there 
exists  no  constant  or  marked  diflerence.  Thus,  in  ten  samples  of 
serums  from  individuals  who  had  never  been  under  the  infltience  of 
the  typhoid  infection,  four  were  found  to  be  bactericidal  for  the 
typhoid  coccobacillus.  In  twelve  other  samples,  drawn  from  con- 
valescents from  typhoid  fever,  five  exhibited  a  bactericidal  power 
against  the  same  micro-organism. 

All  the  researches  made  on  acquired  immunity  after  recovery  from 
typhoid  fever  demonstrate  clearly  tliat,  in  this  case,  it  is  impossible  to 
attribute  it  to  humoral  modifications,  which  are  usually  more  transi- 
tory than  the  immunity. 

Tlie  immunity  which  follows  an  attack  of  cholera  is  far  from  being 
either  as  powerful  or  as  proloajjied  as  that  which  follows  typhoid  fever. 
Certain  individuals  have  contracted  cholera  twice  during  the  same 
epidemic,  but  such  cases  are  exceptional,  whilst  acquired  inmiunity, 
terajiorary  at  least,  may  be  looked  ujion  as  the  general  rule.  Many 
pointa  in  the  pathogenesis  of  intestinal  cholera  are  still  obscure  ; 
nevertheless  we  are  justified  in  affirming  that  this  disease  is  a  real 
intoxication  by  the  cholera  poison  manufactured,  in  the  small  int<;stine 
of  man,  by  Koch's  vibrios.  The  action  of  the  vibrionic  toxin  is 
sufficient  to  set  up  a  grave  and  often  fatal  attack  of  cholera  ;  but  in 
the  majority  of  aises  a  secondary  infection  by  the  vibrio  which  pene- 
[462]  trates  into  the  intestinal  wall,  denuded  of  its  epithelial  layer,  is 
associated  with  tlic  action  of  the  poison.  Sometimes  this  micro- 
organism becomes  generalised  in  the  animal,  and  is  found  in  the 
blood  and  in  many  of  the  organs. 

The  facts  I  have  hero  briefly  summarised  may  be  utilised  to  explain 
certain  characters  which  are  found  in  the  filuids  of  individuals  who  have 
recovered  from  an  attack  of  cholera.  Soon  after  the  discovery  of  the 
tetanus  and  diphtheria  antitoxins,  and  almost  immediately  after  the 
demonstnition  of  the  protective  power  of  the  blood,  taking  advantage 
of  the  epidemic  of  Asiiatic  cholera,  which  developed  in  Europe  from 
*  DeuUche  med.  Wchnêchr.,  Leipaiff,  1892,  8.  827, 


ÎP.92,  the  new  data  bci^^an  to  be  applied  to  that  disease.  We  have 
ah'eady  referred  in  a  preceding  chapter  to  the  fact  that  the  blood 
serum  or  the  blood  of  tliose  in  good  healtli  and  who  have  never  had 
Asiatic  cholera,  is  caj»ahle  of  preventing  cholera  peritonitis  in  the 
guinea-pig  inoculated  with  Koch's  vibrios.  In  order  to  obtain  this 
protective  action,  the  injection  of  a  pretty  large  dose,  about  half  a  cc, 
is  necessary.  Tliis  property  is  in  no  sense  Bi)ecific,  for  the  «anie 
blood,  injected  in  the  same  doses  into  guinea-pigs,  will  protect 
them  not  only  against  this  vibrio,  but  also,  and  inditicretitly,  against 
many  other  bacteria,  such  as  the  typhoid  coccobacillus,  the  Bacillus 
coli,  etc. 

The  blood  or  blood  serum,  coming  from  those  who  have  recovered. 
from  Asiatic  cholera,  may.  on  the  otiier  hand,  acquire  a  sjwcifie 
protective  power.  It  m  ill,  indeed,  prevent  infections  by  other  micro- 
organisms ;  but,  to  obtain  this  effect,  it  is  necessary  to  inject  the  same 
quantities  of  it  as  of  the  bloofl  coming  from  normal  individuals.  On 
the  other  hand,  when  we  wish  to  prevent  cholei-a  peritonitis  in  the 
guinea-pig,  we  need  introduce  minute  doses  only  of  the  senim  of 
|»erson8  who  have  recovered  from  an  attack  of  cholera.  Lazarus*  was 
the  first  to  make  this  interesting  observation.  In  three  cases  of 
cholera  studied  by  him,  the  serum  withdrawn  some  time  after  recovery 
exhibited  an  extraordinary  protective  power  :  a  decimilligramme  of 
the  blood  senim  of  these  piiticnts  was  quite  sufficient  to  prevent  the 
«leatli  of  a  guinea-pig  inoculated  intra  peri  toneally  with  the  cholera 
vibrio.  Soon  after,  G.  Klemperer*  made  a  similar  observation  in  two 
other  cases  that  hatl  recovered,  but  the  blood,  in  his  convalescents, 
was  much  less  active  than  was  that  in  the  cases  cited  by  Ljizarus. 

IssaefF',  working  in  Koch's  In?<titut«  in  Berlin,  examined  the  bhxKl 
of  sevend  persons  who  had  recovered  from  cholera,  and  found  that  [463] 
the  serum  had  always  acquired  a  specitic  protective  property  ;  this 
property  never  developed  l)efore  the  third  week  from  the  commence- 
ment of  the  disease,  and  had  completely  disappeared  as  early  as 
three  months  after  this  period.  Several  examples  studied  by 
A.  Wassermann*  and  Sobemheim*  fully  corroborate  this  conclusion. 
Our  own  researches'  on  twenty-four  cases  indicate  a  very  great 

>  Berl.  klin.  JVehntehr^  18Ô2,  S.  107'2;  189.1,  S.  124L 

»  Berl.  klin.  Wehntchr.,  1892,  8.  1267- 

»  ZUchr.f.  Hug.,  Leipzig,  1894,  Bd  XVT,  S.  ;W8. 

•  Zuchr.f.  Hug.,  Leipzig,  1893,  Bd.  xrr,  S.  42. 

•  Hyij-  R">"i»c/i.,  Berlin,  1895.  8.  H.'i. 

•  Attn.  </rfIn*t.  I'tuteur,  Paris,  1M*3,  t.  vu,  ^j.  417. 
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variability  in  the  protective  power  of  tlie  blood  of  persons  wlio  bar 
recovered  from  ciiolera.  We  were  able  to  demonstrate  its  presence 
in  rather  more  than  58  per  cent,  of  these  cases.  Sometimes  this 
power  was  almost  as  marked  a»  in  the  example  given  by  T^azani», 
whilst  in  others  it  was  very  feeble,  often  even  nil.  We  were  unable 
to  demonstrate  any  relation  between  the  gravity  of  the  disease  and 
the  strength  of  the  protective  power  of  the  blood.  Thus,  in  a  mode- 
rately severe  case  of  cholei-a,  a  very  small  quantity  of  serum  (O'OOI  c.c.) 
was  sufficient  to  protect  the  guinea-pig  from  fatal  cholera  peritonitis, 
whilst  in  another,  an  extnuirdinarily  jçrave  case,  even  a  quantity  of 
2  c.c.  was  incapable  of  producing  the  same  eiFect.  In  these  two  cases 
the  blood  had  been  withdrawn  at  the  corresponding  period  after  the 
commencement  of  the  disease  (seventy-third  and  seventy-fifth  days). 
Sobernheim  (/.c.)  found  the  protective  power  of  the  serum  most 
marked  in  a  person  who  had  cholera  vibrios  in  his  normal  dejecta, 
but  Miiu  was  always  in  good  health  and  was  only  examined  because 
he  was  living  with  cholera  patients. 

All  these  observations  point  to  the  fact  that  neither  recovery  from, 
nor  immunity  against,  cholera  can  be  regarded  as  a  consequence  of 
the  protective  power  of  the  blood.  This  power  does  not  manifest 
itself  until  some  time  after  complete  recovery  has  taken  place,  and 
then  disiippears  too  soon,  that  is  to  say  at  a  moment  when  acquire<l 
immunity  ought  still  to  be  maintained.  On  the  other  hand,  the 
irregularity  in  the  protective  power  of  the  blood  indicates  that  this 
humoral  iirojierty  is  something  secondary.  Since  Asiatic  cholem  is  an 
into.\ication  by  the  cholera  toxin,  we  can  rea<lily  understand  that  the 
protective  power,  resulting  from  the  invasion  of  the  living  parts  of 
the  organism  by  the  vibrios,  should  here  play  a  part  of  little  import- 
ance. We  know  already  that  this  power  is  due  to  the  presence  of 
substances  manufactured  by  phagocytic  elements,  placed  in  contact 
[464]  with  vibrios.  In  the  experimental  infection  of  rabbits  by  the  cholera 
vibrio,  as  demonstrated  by  Pfeitter  and  5Iarx,  the  cells  of  the  spleen, 
of  the  lymphatic  glands,  and  of  the  bone-marrow,  produce  the  pro- 
tective Hubstfinces.  We  have  no  idea  of  the  source  of  these  sul)stances 
iu  Asiatic  cholem  in  man. 

Asiatic  cholera,  being  an  example  of  intoxication  of  intestinal 
oritrin,  it  might  be  8up])08e<l  that  the  antitoxic  power  of  the  body 
âuids  should  be  specially  manifested  after  recovery  has  taken  place. 
On  this  point  our  knowledge  is  as  yet  very  imperfect,  because  it  was 
not  until  after  the  end  of  the  last  epidemic  of  cholera  that  Ave  learnt 
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how  to  prepare  the  toxin.  In  a  case  of  cholera  (M.S.),  contracted 
in  our  hilMjratory,  the  blood  scrnm  was  examined  to  ascertain  its 
protective  power  and  its  antitoxic  activity.  This  fluid,  withdrawn 
more  than  three  weeks  after  the  commencement  of  the  disease,  was 
found  to  be  protective  only  in  a  large  dose  (0*5  cc),  in  which  dose 
even  the  serum  of  nonnal  persons  is  capable  of  producing  the  »ame 
effect  It  was  found  in  an  experiment  with  suckling  rabbits  that  the 
antitoxic  property  of  the  blood  semm  of  M.S.  was  nil.  It  did  not 
jjrevent  these  rabbits  from  dying  of  intestinal  cholera  after  the 
absorption  of  the  vibrios,  in  spite  of  a  dose  of  three  c.c  of  serum 
injected  sonte  time  previously. 

This  experiment,  unique  uj»  to  the  present,  is,  of  course,  insufficient 
to  enable  us  to  affirm  that  recovery  from  Asiatic  choleni  may  tiike 
place  without  the  development  of  antitoxic  power  in  tlie  body  fluids. 
That  this  is  so  is,  nevertheless,  probable.  In  other  intoxications  of 
microbial  origin,  certain  data  have  been  collecteil  which  point  to  the 
«»me  conclusion.  Thus,  Knorr^  observed  that  the  bloo<I  of  guinea- 
pigs  which  had  recovered  from  tetainis  did  not  exhibit  any  antitetanic 
power.  Yincenzi-  made  a  similar  observation  tn  a  man  who  ba<l 
recovered  from  tetanus. 

We  are  much  lietter  informed  as  to  the  antitoxic  property  of  the 
blood  of  persons  who  have  recovered  from  diphtheria.  Klemensiewicz 
and  Escherich'  have  studietl  two  cases  of  diphtheria  in  which  the 
defibrinated  blood  withdrawn  some  time  after  recovery  was  found  to 
be  protective  for  the  guinea-pig  against  a  lethal  dose  of  diphtheria 
bacilli.  This  fact  has  been  confirmed  by  several  other  observers, 
especially  by  Abel*  and  Orlowski^  the  latter  of  whom  made  his  [465] 
researches  under  the  direction  of  Escherich.  In  these  experi- 
ments the  antitoxic  power  of  the  blood  was  demonstrated  against 
diphtheria  toxin  employed  without  bacilli.  According  to  the  data 
collected  by  the  alxjve  authors  the  antitoxic  property  of  the  botly 
fluids  was  not  exhibited  during  the  early  days  of  convalescence,  but 
was  well  marked  in  the  second  week  after  recovery.  This  ix)wer  was 
maintained  for  a  short  time  only,  disappearing  in  a  few  months. 
Amongst  the  observations  collected  on  this  subject  the  most  inter- 

»  JHilnchen.  med.  Wchnnrhr,,  IM98.  8.  3UX 

*  Deuuche  med.  Wchntrhr.,  licipaiig,  1898,  S.  247. 

»  Centrnibl.f.  Bakteriol.  u.  Pnra*i(enk.,  Jena,  1893,  Bd.  xm,  8.  153. 

*  Deuttche  med.  VVchtitchr.,  LeijMsig,  1834,  88.  899,  93ft. 

*  Dtutudtf  med.  WchMchr,  Leiptig,  1895,  S.  400. 
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eating  is  that  marie  by  Eschericli.  Tn  an  infant  examined  for  the 
first  time  whilst  it  was  still  in  good  health,  the  blood  was  incapable 
of  protecting  the  guinea-pig.  Some  time  after  tins  négative  result 
had  been  obtiiiiied  the  child  was  attacked  by  a  raihl  diphtheria,  which 
gave  rise  to  the  development  of  antitoxin,  for  its  blood  when  again 
examined  exlubited  a  very  \\\^\\  antitoxic  power.  This  proves  most 
clearly  that  even  a  slight  attack  of  diphtheria  is  capable  of  producing 
antitoxic  power  in  the  body  fluids.  This  ol)servation  may  be  utilised, 
to  explain  the  frei|uency  of  the  presence  of  this  property  in  the  blood 
of  persons  in  good  healtli  who,  according  to  their  own  statements, 
have  never  hatl  diphtheria.  This  fact  has  been  established  by  the 
researches  of  A.  Wasserniann',  Abel  Q^\),  and  Orlowski.  According 
to  the  last  observer,  the  blood  in  one-half  the  children  in  the  lutspital 
at  Gratz  who  ha<l  not  been  attacked  with  diphtheria  was  antitoxic 
against  the  diphtheria  toxin,  sometimes  even  to  a  higher  degree 
than  was  that  of  tlie  cliildren  who  had  recovered  from  this  disease. 
Wassermann  lias  demonstrated  that  in  adults  this  antidiphtheritic 
power  of  the  blood  is  even  more  frequent  than  in  children,  and  that  it 
increiises  with  age.  Nevertheless,  these  persons  affirm  that  they  have 
never  had  an  attack  of  the  disease.  To  explain  this  very  paradoxical 
fact,  Wiisserm anil  asked  himself  whether  the  individuals  whose  bloocl 
was  antidi[>htheritic  did  not  owe  this  property  to  the  action  of 
pseudo-diphtiieria  bacilli.  Although  inca]>iible  of  causing  the  disease, 
these  bacilli  might,  perhaps,  exert  a  certain  immunising  influence 
and  give  rise  to  the  production  of  an  antitoxin  active  against  true 
diphtlieria  toxin.  Researches,  directed  to  the  clearing  up  of  this 
point,  have  not  led  Wassermann  to  reaffirm  his  suggestion.  It  must 
be  observed  that  the  varieties  of  these  pseudo-diphtheria  bacilli  are 
[466]  numerous,  and  that  some  of  them,  perhaps,  may  be  capable  of  fulfilling 
the  function  suggested  by  Wassermann.  On  the  other  hand,  it  b 
proved  that  the  specific  and  virulent  diphtheria  bacillus  may  be 
found  in  the  throat  of  persons  in  good  health  either  witliout  inducing 
di[)htlieria,  or  only  giving  rise  to  a  very  slight  form  of  disease  of  very 
short  duration.  We  must  bear  in  miml  that  in  persons  who  have 
not  had  typhoid  fever,  but  who  live  among  patients  suffering  from 
this  disease,  the  blood  may  be  very  agghitinative  (Foerster);  that  in 
others,  uuattacked  by  cholera  but  containing  Koch's  vibrios  in  the 
intestine,  the  blood  may  acquire  a  high  specific  protective  power 
(Soberuheim).  It  is  probable  that  the  same  rule  applies  also  to  the 
1  ZUehr.f.  Hyg^  Leipzig,  1395,  Bd.  xix,  S.  40S. 
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case  of  dipbtherin,  and  that,  consequently,  the  blood  of  persons  in 
good  liealtb,  but  containing  the  diphtheria  bacillus  in  tiieir  bodies, 
may  acquire  antitoxic  power. 

This  humoral  power,  once  developed,  may  even  be  transmitted 
from  the  mother  to  the  foetus  and  so  become  hereditary.  Abel  (/.c) 
examined  the  blood  serum  of  four  adult  women,  taking  it  from 
the  placenta  after  parturition.  Each  time  it  was  found  to  be  tlis- 
tinctly  antitoxic  against  the  diphtheria  toxin.  Later,  Fischl  and 
Wunschheim^  working  in  Chiari'a  laboratory  in  Prague,  studied  the 
blood  of  new-born  children  from  the  same  point  of  view.  They 
ehoMcd  that  in  the  majority  of  cases  this  fluid  prevents  the  produc- 
tion of  a  fatal  disease  in  the  guinea-pig,  in  spite  of  the  injection  of 
eevend  lethal  doses  of  very  virulent  diphtheria  cultures.  The  blood 
of  new-bom  children  is  equally  capable  of  neutralising  the  diphtheria 
toxiu,  that  is  to  say,  of  protecting  atnmals  against  poisoning  by  this 
toxin.  The  above  observers  do  not  doubt  that  this  antitoxic  power 
comes  directly  from  the  maternal  blood  through  the  placental  circula- 
tion. This  fact  appears  to  throw  some  light  ou  the  phenomena  of 
immunity  acquired  by  heredity. 

Until  quite  recently  we  have  had  very  vague  notions  as  to  the 
possibility  of  transmitting  to  descendants  the  immunity  contracted  as 
the  result  of  recovery  from  an  ijifcctive  disease  or  after  vaccinatioiL 
It  has  long  been  known  that  natural  immunity  may  be  transmitted 
hereditarily.  Certain  famihes  or  certain  races  are  characterise<i  by 
a  special  insusceptibility  to  certain  infective  dise^ises.  It  must  even  [467] 
be  admitted  that  this  innate  immunity  has  been  transmitted  from 
generation  to  generation.  It  is  quite  otherwise  with  acquired  immu- 
nity. We  know  that  as  a  rule  the  characters  acquire<l  during  life 
are  not  transmitted  to  descendants  ;  it  is  only  in  special  cases, 
in  the  very  lowest  organisms,  such  as  the  bacteria  au«l  tlieir  aUies, 
that  we  may  observe  the  conservation  of  ceilain  acquired  characters 
through  an  infinity  of  generations.  The  attenuation  of  bacteria  or 
the  absence  of  the  formation  of  spores,  once  £u;quired  under  special 
conditions,  may  thus  be  transmitted  to  their  descendants  who  develop 
and  live  under  normal  conditions. 

After  the  discovery  of  anthrax  vaccine  by  Pasteur,  Chamberland 

and  Rijux,  and  an  attempt  had  been  made  to  vaccinate  large  flocks 

of  sheep,  it  was  an  eaay  matter  to  investigiite  whether  immunity 

acquired  by  the  parents  was  transmissible  to  their  oflspring.    Sevcnil 

'  Prog.  m«d.  Wehmetir.,  1896. 
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observers,  amongst  whom  I  may  specially  cite  Chaiiveau\  Ropsiçnol 
and  Cienkowâki,  got  together  a  certain  number  of  data  bearing  on 
tliis  question.  Tliese  data  showed  distinctly  that,  in  certain  cases, 
the  himbs  born  from  vaccinated  sheep  presented,  from  birth,  an  un- 
doubted resistance  to  tiie  anthrax  bacillus.  Tiiis  fact,  however,  was 
neither  constant  enough  nor  sufiicientiy  marked  to  enable  us  to  count 
upon  the  young  animals  being  in  a  refractor}'  condition,  and  thus 
avoid  having  to  submit  them  to  vaccination  by  the  two  Pasteur 
vaccines.  This  necessity  threw  into  the  background  the  reaearche» 
on  the  heretlitary  transmission  of  acquired  immxmity.  It  was  only 
much  later  that  this  question  was  again  taken  up  on  a  purely 
theoretical  basis.  Ehrlich^,  to  whom  science  is  indebted  for  so  many 
works  of  the  highest  imi>ortance  upon  immunity,  again  took  the 
initiative  in  exact  and  minute  researches  upon  the  here<lity  of 
immunity,  acquired  as  the  result  of  vaccination  against  to.\ins.  In 
this  relation  he  studied  tlie  immunity  of  the  descendants  of  animal«i 
immunised  against  phanerugantic  toxins,  such  as  ricin,  abriu  and 
robin,  and  later,  in  collaboration  with  Hiibener',  that  of  the  offspring 
of  animals  vaccinated  against  tet<inus  toxin.  Ehrlieh  proved  ver}' 
clearly  that  the  antitoxic  immunity  acquired  by  the  father  is  never 
[46$]  transmitted  to  bis  progeny.  This  fact  alone  is  quite  sufficient 
to  show  that  it  is  not  a  true  imiimtiity  that  is  met  with  in  young 
animals  born  of  mothers  who  have  acquired  a  refractory  condition  ; 
true  inmiunity  is  transmitted  by  the  sexual  elements,  the  sper- 
matozoon and  the  ovum.  Certain  observers,  Tizzoni*  and  his 
collalxirators  Cattani  and  CenUmni,  thought  they  could  overthrow 
the  rule  established  by  Ehrlieh.  They  believed  that  the  male  rabbit, 
vaccinated  against  rabies,  was  capable  of  transmitting  its  immunity 
to  its  progeny.  Charrin  and  Gley'  expressed  the  same  opinion  as 
regards  animals  of  the  male  sex  vaccinated  against  experimental 
pyocyauic  disease.    But  the  very  precise  experiments  of  Wernicke*, 

'  Ann.  (U  rintt.  Patteur,  Paris,  1888,  L  n,  p.  69. 
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Vaîllard*  aiul  Rcinliiiger-  uj»()i»  a  wliolo  series  of  infective  diseases 
and  intoxications,  sucli  a^  diphtiicria,  cholera  peritonitis,  anthrax, 
experiiiieutal  ty]»hoid  septic.-ieniia,  etc.,  showed  conclusively  the 
correctness  of  Ehrlich's  results.  Well- vaccinated  males,  even  when 
hyper  vaccinated,  never  trdnsmit  their  immunity  to  their  descendanti*. 
Tliis  acquired  property,  like  so  many  others,  is  not  hereditary  in  the 
strict  sense  of  the  word.  The  females,  on  the  other  hand,  with  rare 
exceptions,  transmit  their  acquired  immunity  to  their  young,  but 
this  transmission  can  in  no  way  be  attributed  to  the  ovum  ;  it  is  here, 
then,  no  longer  a  question  of  hereditary  imtnuuity  i)roi>erly  so  called. 
According  to  Ehrlich  the  female  furnishes  in  her  blood  plasma  the 
antitoxin  whicli  passes  into  the  circulation  of  the  foetus.  In  all 
res|)ect«  this  is  allied  to  the  so-called  passive  immunity  (or  antitoxic 
immunity  of  von  Behring).  It  is  due  entirely  to  the  direct  intro- 
duction of  antitoxin,  mauufuctured  by  the  cells  of  the  matenial 
organism,  into  the  body  of  the  progeny.  The  living  elements  of  the 
fix'tus  ]day  no  part  in  it,  and  it  is  for  this  reason  that  the  antitoxins 
and  immunity  in  the  new-born  animal  disappear  so  very  rapidly, — 
Anthin  a  few  weeks  after  birth.  Wernicke  accepts  the  views  of 
Ehrlich  in  their  entirety.  lie  found  that  the  immunity  of  female 
guinesi-pigs  was  transmitted  to  the  new-born  animal  ;  but  this  [469] 
heredilary  transmission  was  exhausted  in  a  single  generation  ;  it  was 
not  found  in  the  secotid  generation.  AVernicke  was  able  to  demon- 
strate that  the  refractor)'  condition  in  guinea-pigs,  born  of  mothers 
vaccinated  against  diphtheria,  persisted  for  tliree  mouths.  Vaillard 
found  that  it  was  retained  iu  ceilaiu  ca.ses  for  an  even  longer  period, — 
up  to  the  fifth  mouth.  On  one  occasion  he  even  observed  the 
transmission  of  the  immunity  to  a  second  generation.  Â  female 
guinea-pig,  born  of  a  mother  immunised  against  tetanus,  gave  birth 
to  a  young  one  which,  when  tested  a  month  after  birth  with  a  ten 
times  lethal  dose  of  the  toxin,  contracted  merely  a  slight  tetanus. 

From  this  fact,  as  well  as  from  the  fact  that  the  immunity  of  the 
yoiuig  ones  liom  of  vaccinated  mothers  persists  longer  than  docs  that 
conferred  by  the  injection  of  antitoxic  serum,  Vaillard  concludes 
that  there  exists  a  kind  of  hereditary  immunity  which  is  '*  fixed  "  by 
tlie  cells.  He  thinks  that  not  only  the  antit<:)xins  ami  other  anti- 
boilies  but  also  certain  living  elements,  especially  the  leucocytes,  are 
able  to  pass  from  the  maternal  blojxl  into  that  of  the  foetus  and  to 

>  Ann.  do  I' /ml.  Pattcur,  Pari»,  ls9(i,  t  x,  j».  65. 
•  Autu  deVInit.  Patteur,  Paris,  1899,  t  xiii,  p.  129. 
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transmit  to  it  the  pronertiea  acquired  by  the  mother.  At  this  point 
We  may  recall  the  facts  dtmoTistrated  by  von  Behring  and  Ransom 
that  antitoxin  persists  much  longer  in  the  blood  of  an  uuimal 
when  it  is  introduced  witli  the  serum  of  the  same  species.  (We 
hai'c  described  these  obsservations  iu  Chapter  xil.)  Now,  since  in 
hereditary  transuiissiou  the  antitoxin  passes  over  with  the  blood 
plasma  of  the  same  species,  wliil.st  in  the  experiments  on  antitoxic 
immunity  it  is  genemlly  iujecteil  with  the  serum  of  a  different  species, 
it  is  easy  to  understand  that  the  former  should  persist  for  a  longer 
period  than  the  latter.  It  is,  therefore,  very  probable  tliat  this 
immunity  of  the  offsjjring  from  vaccinated  mothers  is  not  in  any  way 
a  case  of  true  hereditary  immunity,  but  is  due  simply,  as  maiuUiiued 
by  Ehrlich,  to  the  passage  of  ready  prepared  a[itibo<lies  from  the 
mother  to  the  foetus.  In  the  immunities  against  diphtheria  and 
tetanus  we  have  the  direct  passage  of  antitoxins  ;  iu  transmitted 
immunity  agfiiiist  infection  by  tlie  vibrios  of  Koch  and  Gamaleia, 
BO  carefully  studied  by  Vailtard,  we  have,  very  probably,  the  passage 
of  corresponding  fixatives  from  the  mother  to  tiie  foetus. 

Dzierzgowsky*  in  a  recent  study  on  hereditary  immunity  denies 
f470]tlie  piussage  of  antibodies  and  toxins  through  tlie  placenta.  He 
thinks  that  the  foetus  doe^  not  acquire  its  immunity  through  the 
blood  of  the  mother,  but  at  a  verj'  much  earlier  period.  The  ovum 
contained  in  the  Graafian  follicle  would,  according  to  this  observer, 
come  in  contact  with  a  fluid  very  rich  in  antitoxin,  whence  it  might 
imbibe  the  necessary  amount  of  this  antibody  to  ensure  the  immimity 
of  the  new-born  aninval.  Dicierzgowsky  bjises  this  opinion  on  experi- 
ments in  which  antitliphthcria  serum  injected  into  pregnant  goats  and 
dogs  did  not  produce  any  antitoxic  power  in  the  blood  of  the  foetus. 
But  iu  the  experiments  on  these  animals  the  injections  consisted 
of  the  serum  of  the  horse — a  different  species.  This  must  modify, 
pi-ofoundly,  tlie  conditions  of  the  passage  of  the  atititoxln  through 
the  placenta. 

Bzierzgowsky  matle  a  single  expeiimeut  upon  a  mare,  immunise<i 
with  diphtheria  toxin,  and  its  foal.  Whilst  the  serum  of  the  former 
was  markedly  antitoxic,  that  of  the  foal  did  not  possess  this  property 
iu  the  slightest  dcgix'e.  Hence  the  conclusion  tliat  the  antitoxin  of  the 
mother  had  not  piLssed  into  the  blood  of  the  foetus.  But  the  blood  of 
the  foal  was  not  withdrawn  until  some  ten  months  after  birth.  Now, 
on  the  so-called  hereditary  immunity  only  lasts  for  a  very  short  time 
^  Arch.  d.  Hci.  bid^  St  Pétersboiu^,  li>01,  U  viu,  p.  21L 
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Dzlerzgowsky's  ex])eriment  supplies  no  evidence  against  the  passage 
of  antitoxin  tkrougli  the  placenta. 

Ill  order  to  prove  that  tlie  immunity  against  toxins  may  really 
be  acquired  by  the  ovuni,  Dzierzgowsky^  carried  out  a  series  of 
experiments  with  the  eggs  of  fowls  ininumised  against  diphtheria 
toxin.  The  yolk  of  the  egg,  in  accordance  with  the  discovery  made  by 
F.  Klenipercr,  contained  antitoxin  ;  and  this  antitoxin  passed  into 
the  blood  of  the  hatched  cliickens.  Tliese  facts,  though  in  themselves 
very  interesting,  cannot  be  used  to  refute  the  view  that  antitoxins 
pass  through  the  inaminalian  placenta.  It  is  true  that  this  view  is 
perhaps  not  yet  completely  proved,  but  it  accords  weU  with  all  the 
known  facts.  Thus,  the  fre4|ueiit  presence  of  diphtheria  antitoxin 
in  the  blood  of  new-born  infants  is  explained  much  better  on  the 
assumption  that  it  parses  through  the  placenta  than  that  it  is  due 
to  an  immunisation  of  the  ovum  surrounilcd,  in  the  Giiiafian  follicle, 
by  antitoxic  fluid.  It  is  difficult  to  conceive  how  this  immunity  could 
be  so  fully  retained  during  the  nine  months  of  pregnancy. 

In  support  of  his  interpretation  of  the  phenomenon  of  immunity  [471] 
transmitted  by  the  mother  to  her  progeny  Ehrlich  invokes  his 
beautiful  discovery  of  the  immunity  conferred  by  the  maternal  milk. 
A  vaccinated  female  is  capable  of  communicating  to  her  young 
a  portion  of  the  antibodies  manufactured  in  her  organism,  not  only 
by  the  blood  channels,  but  also,  iii  certain  cases,  by  the  mUk  with 
'which  she  feeds  her  young. 

The  tninsmission  of  antitoxins  by  milk  has  been  demonstrated  by 
£hrlich,  and  this  has  since  been  confirmed  by  many  observers  (see 
Chapter  xii).  When  Ehrlich  found  that  the  immunity  of  the  progeny 
is  retained  for  a  longer  time  than  is  that  which  is  conferred  by  in- 
jections of  antiti>xic  serum,  he  conceived  the  idea  of  investigating 
whether  the  cause  of  more  prolonged  retention  did  not  reside  in 
the  transmission  of  the  maternal  antitoxin  by  the  milk.  With  the 
object  of  verifying  this  he  took,  at  the  moment  when  they  had  given 
birth  to  young,  uuvacciuated  mice  and  mice  that  had  been  vaccinated 
against  various  toxins  (ricin,  abrin,  tetanotoxin).  He  so  changed  the 
progeny  that  tlie  vaccinated  mothers  nourished  the  young  bom  of  the 
normal  mice,  wiiilst  the  normal  mothers  suckled  the  offspring  of  the 
vaccinated  mice.  The  result  of  these  ingenious  and  delicate  experi- 
ment» fully  conflrmed  his  anticiputiona.  The  vaccinated  mice  trans- 
mitted their  immunity  not  only  to  the  young  ones  to  which  they  had 
*  Arch.  d.  Hei.  bioL,  St  Pétcreboiirg,  1901,  t  vni,  p.  421. 
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given  birth  but  also  to  tbose  they  had  merely  nourished  with  their  milk. 
This  obserration  proved,  to  demonstration,  that  the  antitoxins  are 
absorbed  by  the  alimentary  canal,  a  very  important  fact  from  several 
pointa  of  view.  Later  researches  have  shown  that  only  very  young 
mice  are  capable  of  assimilating  antitoxin  through  the  intestinal  wall. 
Adult  mice,  fed  by  Elirlicli  with  quantities  of  antitoxic  milk,  acquired 
neitlier  immunity  nor  any  antitoxic  property  of  the  blood.  Later, 
Vaillard  (/.  c.)  was  able  to  show  that  even  the  young  of  other  species 
of  animals  such  as  the  gxdnea-pig  and  tlie  rabbit  are  incapable  of 
appropriât] iig  the  antitoxins  from  milk  by  the  alimentary  canal.  He 
repeated  Ehrlich's  experiments  with  new-born  guinea-pigs  and  rabbits 
wliich  lie  caused  to  be  suckled  by  mothers  vaccinated  against  tetanoid 
These  young  rodents,  so  treated,  were  found  to  possess  no  imnuinity 
whatever  ;  they  were  not  able,  therefore,  to  absorb  the  antitoxin 
[472]  found  in  the  milk  of  tlieir  nurses.  Remlinger  {l.c.)  made  similar 
experiments  with  young  guinea-pigs  and  rabbits  8uckle<i  by  foster 
mothers  which  had  been  vaccinated  against  the  coccobacilluss  of 
typhoid  fever.  As  in  Vaillard's  experiments,  the  result  was  negative, 
the  milk  of  the  foster  mother  did  not  communicate  any  refractor)' 
condition  to  the  nurselings.  Remlinger  drew  the  same  conclusion 
from  his  researches  on  the  transmission  of  the  agglutinative  property 
of  the  body  fluids.  When  female  rabbits  and  guinea-pigs  are  vac- 
cinated during  gestation  the  young  ones  acquire,  along  with  the 
immunity  against  the  typhoid  coccobacillus,  a  certain  agglutinative 
power  of  the  blood  serum.  When,  however,  these  vaccinated  females 
suckle  the  progeny  of  non-vaccinated  mothers  the  agglutinative 
power  of  the  milk  of  the  foster  mother  never  passes  into  the  blood  of 
the  nurselings.  Some  years  before  this,  Widal  and  Sicard^  had 
demonstrated  the  same  fact  that  young  rabbits  and  uew-boni  kittens, 
when  fed  with  agglutinative  milk,  acquired  no  power  of  agglutinating 
the  typhoid  coccobacillus.  They  agreed  with  Ehrlich,  however,  that 
the  blood  sermn  of  young  mice  fed  with  agglutinative  milk  acquired 
the  power  of  agglutinating  the  typhoid  micro-organism. 

As  it  was  importiiiit  to  determine  whether  the  human  subject  was 
capable  of  acquiring  a  certain  immunity  by  absorbing  antibodies 
contained  in  the  milk,  the  study  of  this  question  was  taken  up, 
especially  from  the  ])oiiit  of  view  of  agglutinative  po>ver.  Although 
the  relations  of  this  agglutinative  power  witli  imnmnity  are  very 
problematical  it  would  be  interesting,  bearing  in  mind  the  analogy 
*  Compt.  rend.  Soc  da  biol.,  Van»,  1897,  p.  804. 
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between  the  agglutinative,  antitoxic,  and  protective  proi)erties,  to 
ascertain  whether  the  ingestion  of  agglutinative  milk  can  confer  any 
agglutinative  property  on  the  blood  seruui.  Numeroua  researches  iu 
this  direction  were  carried  out  in  connection  with  typhoid  fever. 
Widal  and  Sicard  (I.  c.)  caused  a  person  to  drink  daily  (for  a  period  of 
three  weeks)  lialf  a  litre  of  milk  coming  from  an  immunised  goat,  a 
milk  which  powerfully  agglutinated  the  typhoid  coccobacillus.  Tlie 
blood,  exiimined  on  several  occasions,  never  showed  the  slightest 
Hgglutinative  power.  This  expeiiment  goes  to  prove  tliat,  in  the 
adult  human  subject,  the  agglutinin  docs  not  pass  from  the  ali- 
mentary canal  into  the  circulation.  ]May  it  not  perhaps  be  otherwise 
in  infants  which  are  fed  on  milk  only?  An  observation  by  Landouzy 
and  Gridbn*  seenied  to  confirm  this  supposition.  They  first  demon- 
strated the  agglutinative  power  of  the  blood  serum  in  a  woman  who 
had  contracted  typhoid  fever  three  months  after  lier  lying-in.  Being  [473] 
a  mild  attack  the  woman  continued  to  suckle  her  child  during  the 
whole  course  of  the  fever.  On  examination  of  the  blood  of  the  infant 
it  was  found  that  the  serum  agghitinated  the  micro-organism  of 
typhui<I  fever.  Tliese  observers  did  not  measure  the  agglutinative 
power  of  the  blood,  either  in  the  infant  or  in  the  mother.  This 
omission  deprives  their  observation  of  value  since  it  is  now  recognised 
that  normal  human  blood  fairly  frequently  exhibits  some  power  of 
agglutinating  the  typhoid  coccobacillus.  For  diagnostic  purposes  it 
is  necessary,  thei-efore,  always  to  measure  this  power  in  order  to  be 
sure  that  it  is  higher  than  that  of  the  normal  blood. 

It  is  all  the  more  difficult  to  draw  any  positive  concliision  from 
the  observations  of  Landouzy  and  Griffon  beeause  in  several  similar 
cases  the  result  has  been  entirely  différent.  Thus  Âchard  and 
liensaudc-  have  8ho\vn  that  the  blood  of  an  infîint,  suckled  by  a 
uursc  attacked  by  typhoid  fever  and  whose  serum  became  distinctly 
agglutinative,  was  incapable  of  bringing  about  clumping  of  the 
typhoid  coccobacilli.  Schumacher'*,  working  in  Fraenkel's  laboratory 
iu  Halle,  studied  a  case  with  very  great  care.  A  woman  gave  birth 
at  full  term  to  an  infant  whose  blood  serum  exhibited  a  certain 
agglutinative  i>ower.  The  mother  suckled  the  infant  from  its  birth. 
Although  her  milk  manifcstctl  a  very  cojisiderable  agglutinative 
projierty,  the  blood  of  the  child  exhibited  not  only  no  increase  iu 

*  CompL  rend.  Snc  de  bifj.,  Paris,  1897,  p.  S»50. 

*  Semaine  mid.,  Paris,  IMOG,  p.  303, 

*  Zttchr.f.  Hyij.,  Leipzig,  1^01,  Bd.  xxxtit,  &  323i. 
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agglutinative  power  but  a  marked  diminution.  The  agglutinin  of  the 
maternal  blood  had  not  passed  into  the  fluidâ  of  the  child. 

From  the  point  of  view  of  the  impossibility  of  acquiring  immunity 
by  suckling,  therefore,  the  human  subject  may  be  grouped  with  the 
guioea-pig,  rabbit  and  cat.  Up  to  the  present  the  mouse  is  the  only 
exception.  It  would  be  very  important,  with  the  object  of  finding  a 
means  of  communicating  immunity  by  way  of  the  intestine,  to  study 
the  precise  conditions  which  govern  this  phenomenon.  In  hereditary 
immunity,  or  rather  in  what  appeal's  to  be  such,  those  cases  where 
the  new-born  animal  exiiibita  a  resisting  power  induced  by  the 
vaccination  to  wiiich  it  has  been  subjected  in  the  womb  of  the  mother 
must  be  borne  in  mind.  We  have  already  cited  the  example  given 
by  Remlinger  of  rabbits  and  guinea-pigs  born  refractory  against  the 
typhoid  coccobacillus,  which  had  been  injected  into  the  mother 
[474]  animals.  Id  those  cases  where  the  vaccination  of  the  mothers  has 
been  carried  out  during  the  period  of  gestation  the  immunity  of  the 
young  ones  is  more  permaueut  than  when  it  was  completed  before 
that  period.  Into  this  same  group  come  those  cases  where  women, 
vaccinated  during  the  course  of  pregnancy,  give  birth  to  iufunts 
refractory  to  vaccine.  Similar  facts  have  been  rejwrted  by  veterinary 
surgeons  with  regard  to  sheep-pox  ;  ^Vrloing,  Cornevin,  and  Thomas' 
have  otlered  similar  demonstrations  with  regard  to  symptomatic 
an  Ll  I  rax. 

Tlicse  results  may  be  more  or  less  closely  associated  with  those 
where  the  child  attacked  by  an  infective  disease  Immunises  the 
mother.  Such  facts  are  rare.  We  know  that  a  healthy  mother  may 
give  bii'th  to  a  syphilitic  child  ;  the  affected  father  introducing  the 
virus  with  the  sperm,  the  contaminated  foetus  contracts  the  disease 
and  tlie  new-born  infant  is  syphilitic.  According  to  Ehrlich  and 
Hubener  {I.e.  p.  iJ4),  the  foetus  instead  of  infecting  the  mother  sets 
up  in  her  a  refractory  condition.  It  must  be  confessed  that  as  yet  we 
do  not  understand  the  mechanism  of  this  immunity;  but  in  imy  case 
we  have  here  to  do  with  an  example  of  immunity  uatuially  acquired 
under  very  special  conditions. 

Here  again  must  be  recognised  another  form  of  immunisation  : — 
wliere  the  child  born  of  a  syphilitic  mother  remains  healthy  and 
contracts  syphilis  neither  by  the  breast  nor  through  the  kisses  of  the 
mother.  Here,  undoubtedly,  we  have  an  immunity  against  syphilis 
acquired  in  the  womb  of  the  mother,  who  may,  however,  readily  com- 
*  "Le  clLirbon  bucterios,"  Paris,  1S&3,  p,  181. 
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mnnicate  lier  disease  to  other  persons  by  means  which  are  without 
effect  on  her  OMm  infant.  This  example  comes  under  the  law  of 
Profettn.  Here  agatu  the  mechanism  of  tlie  acquire<l  immunity  ia 
absolutely  unknown. 

It  must  be  admitted  that,  generally,  we  are  still  very  imperfectly 
informed  concerning  immunity  as  acquired  by  natunU  paths.  In 
aises  where  this  immunity  is  developed  as  the  result  of  an  attack  of 
an  infective  disease  the  phenomena  observed  closely  resemble  those 
that  have  been  observed  after  vaccination  by  living,  fully  active,  or 
attenuated  vinises,  by  micro-organisms  which  have  been  killed,  or  by 
the  products  of  these  micro-orgunisms.  Tiiese  vaccinations  which 
bring  about  isopathic  (von  Behring)  or  active  (Ehrlich)  immunity  give 
rise  to  transient  and  mild  diseases  and  arc  confined  almost  completely 
to  the  diseases  contracted  by  natural  means  which  terminate  in  [476] 
recovery  and  give  rise  to  a  refractory  condition.  The  imumiiisation 
of  the  foetus  comes  into  the  same  series. 

On  the  other  hand,  the  immunity  which  was  believed  to  be 
here<iitary  and  which  results  merely  fi-om  the  direct  passage  of  the 
autibodies  of  the  blood  or  of  the  milk  of  the  mother  to  the  foetus 
and  to  the  child  come  into  a  group  of  cases  characterised  by  what 
Ehrlich  has  tenned  a  conditiou  of  passive  immunity.  We  have 
already  discussed  (Chapter  x)  the  thesis  that  this  term  "passive"  is 
applicable  only  in  rare  cases.  Most  frequently  it  is  necessary  that 
the  living  cells  of  the  organism  which  receives  the  antibodies — 
antitoxin,  fixatives  or  others — should  contribute  their  quota  in  order 
to  ensure  the  refractory  condition-  This  rule  is  undoubtedly  applic- 
able to  the  examples  of  Ltumuuity  acquired  by  the  new-boni  progeny 
of  wiaflected  mothers. 
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Vaccinations  agmnat  I.  Small-pox. — II.  Sheep-pox. — III.  Rabies.— IV.  Rinderpest — 
v.  .\ntLrax. — VI. Symptuumtic  Anthrax. — VII.  Swine Brysipela». — VII  j,  Pieuro- 
pneumoDia  in  the  Bovidae. — IX.  Typhoid  Fever. — X.  Plague. — XL  ToUnus.— 
Xn.  Diphtheria. 

In  the  preceding  chapters  I  have  attempted  to  present  to  the 
reader  a  general  view  of  the  phenomena  of  immunity  against  infec- 
tive mîcro-organiâms  and  again.st  their  toxic  products.  I  sliall  now 
attempt  to  give  a  review  of  the  facta  acquired  in  connection  with 
the  prevention  of  the  infective  diseases  of  man  and  of  the  chief 
donie.stic  animals  by  means  of  vaccination.  Vaccinations  as  we 
know  can  be  carried,  out  either  with  viruses  the  constituents  of 
wliich  have  not  as  yet  been  recognised,  with  micro-orpinisms  grown 
on  various  nutrient  media,  witli  virulent  or  attenuated  micro-organ- 
isms, or  with  microbial  products  deprived  of  the  micro-organisms  by 
wliich  they  have  been  built  up.  In  addition  to  these  metiiotls  we 
may  vaccinate  with  protective  or  antitoxic  serum  and  other  body 
fluids,  with  normal  serum,  or  with  a  whole  series  of  fluids  not 
excepting  water. 

I.  Vaccination  againgt  small-pox. — We  naturally  commence  the 
series  with  vaccination  against  small-pox,  which  is  one  of  the  oldest 
and  one  of  the  best  known,  having  been  practised  in  every  couutrj' 
in  Europe  for  more  than  100  years.  Small-pox,  a  very  contagious 
and  fatal  malady,  was  very  rife  in  the  18th  century.  Large  cities  like 
Loiidt>n  and  Paris  were  severely  afiected.  One-tenth  of  the  total 
mortality  was  due  to  this  dis^ease.  According  to  statistical  iuforraa- 
tion,  very  exact  for  that  epoch,  the  dejiths  from  small-pox  in  London 
I  during  the  course  of  the  second  half  of  the  century  (,1751 — 1800) 
numbered  more  than    100,UUO  (1U2,112>  persons.    During  the  first 


lialf  of  the  same  century  this  disease  causetl  great  ravages  in  France, 
especially  in  Paris,  where,  according  to  certain  etatistica  ^Uaeser), 
I       about  14,000  pcrMions  died  in  1716. 

Variolisation  or  "inoculation  "  coming  to  Europe  from  the  East, 
had  come  into  extensive  use  when,  at  the  end  of  tlie  18th  century, 
the  discovery  was  made  that  cow-pox,  tlie  varioliform  disease  of  the 
Bovidae,  pro«luced  in  persons  who  milked  cows  suffering  from  this 
emption  an  immunity  against  small-pox.  This  idea,  popular  in 
origin,  was  known  to  breeders  in  England,  France,  Germany,  and 
Holland  ;  we  have  thus  an  indication  that  this  knowledge  must  date 
from  a  fairly  distant  period.  Jenucr  gave  the  quention  a  scientific 
and  experimental  basis,  and  it  was  only  after  his  intervention  that 
vaccination  by  the  contents  of  the  pustules  of  cow-pox  began  to 
spread  more  generally.  During  the  19th  centuiy  an  immense  amount 
of  material  bearing  on  this  question  was  collected  ;  we  have  thus 
been  enabled  to  attain  absolutely  exact  results,  and  tliat  in  spite  of 
the  very  imperfect  state  of  our  knowledge  on  the  ctiolog)'  of  wmall- 
poi  and  of  cow-pox.  Ixiug  ago  Chauveau^  demonstratetl  that  the 
virus  of  these  diseases  must  be  organised,  because  that  of  the  vaccine 
vould  not  pass  tlirough  a  filter.  This  organism  has  been  carefully 
Bought,  but  sought  in  vain  in  spite  of  alt  improvements  in  micro- 
biological methods.  It  was  thought  that  the  cocci  so  often  found  in 
the  contents  of  the  vaccinal  pustule  was  the  specific  micro-organism 
of  cow-pox.  Such  was  the  opinion  of  the  illustrious  botanist  Cohn'. 
It  was  soon  sliown,  however,  that  this  was  not  the  case.  The  cocci, 
principally  staphylococci,  are  "secondary"  micro-organisms  which  may 
be  absent  from  the  vaccine  without  its  losing  anytliing  of  its  action. 
A  search  was  then  made  for  tlie  micro-organism  of  the  vaccine 
among  the  protozoan  organisms.  L.  Pfeiffer'  announced  the  dis- 
covery of  a  species  of  vaccinal  Amoeba.  Guarnieri*  has  even 
described  various  stages  in  the  reproduction  of  this  hypothetical 
parasite;  but  Salmon^  demonstrated,  in  a  work  carried  out  in  the  [47S] 
Pasteur  Institute,  that  we  had  here  to  deal  merely  with  leucocytes 
which  had  entereil  epithelial  cells  and  had  thei*e  undergone  marked 

■  Compt.  rmd.  Aead.  d.  tc.,  Peru,  1S68,  t  Livi,  pp.  289,  317,  349. 
»  Virchow't  Arcliir.  1872,  Bd.  lv,  8.  229. 

*  JlunaUtc/i./.  prakt.  Dermal.,  Uambnrg,  1887  ;  "Die  Protoioeu  al»  KraiikheiU- 
orrcger,"  Jena,  I8dl,  S.  164. 

«  Arch,  per  le  tc.  mtd.,  Torino,  1892,  t.  rvi,  p.  403. 

*  Ann.  de  F  Intl.  Ptuteur,  Paris,  1807,  t.  xi,  p.  889. 
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degeneration.  Funck^  thought  that  he  was  aWe  to  confirm  the 
discovery  of  the  sporczoon  of  vaccinia,  but  liis  error  was  easily 
demonstrated  (Podwyssozki  and  Mankowski)*.  Up  to  the  present, 
then,  we  have  no  knowledge  of  either  the  micro-organism  of  small- 
pox or  of  that  of  vaccinia.  We  still  employ,  as  formerly,  the  virus 
taken  from  the  vaccinal  pustule.  Even  the  relations  which  exist 
between  the  two  viruses  and  the  two  diseases  which  they  have  set  up 
have  not  yet  l>een  settled.  Several  authors  believe  that  the  bovine 
disease  is  oidy  a  modified  and  attenuated  form  of  human  small-po.x  ; 
whilst  others  maintain  that  we  have  two  very  different  exanthemata, 
one  of  which — cow-pox— is  capable  of  setting  up  initiiunity  not  only 
against  itself  but  also  against  small-pox. 

For  a  long  time,  in  ortler  to  vaccinate  against  small-pox,  the  con- 
tents of  the  vaccinal  pustules  which  formed  on  the  human  subject 
after  an  original  inoculation  of  the  virus  of  cow-pox  were  employed. 
But  a  number  of  cases  of  infection  by  syphilitic  virus  and  certain 
other  accidents  caused  this  method  to  be  abandoned.  A  number  of 
years  ago,  however,  there  spread  throughout  Europe  an(i  into  several 
countries  of  other  continents  another  method,  which  consista  in 
vaccination  by  "  animal  lymph,"  that  is  to  say,  by  the  contents  of 
pustules  developed  on  the  skin  of  the  calf.  This  methotl  was  first 
carried  out  at  Bnissels  in  186H,  under  the  direction  of  Warlomont^  at 
the  Institute  founded  by  the  Belgian  Government  for  the  preparation 
of  vaccine.  The  original  virus  came  from  a  genuine  ca.se  of  cow-pox 
and  has  since  been  kept  up  by  uninterrupted  passage  from  calf  to 
calf.  The  virus  is  introduced  into  the  shaved  skin  of  the  region 
bet\veen  the  groin  and  the  udder  as  far  forward  as  the  umbilicus.  It 
is  inoculated  superficially  into  tlie  epidermis  by  cuts  one  centimetre 
long.  At  the  points  of  inoculation  characteristic  pustules  develop  ; 
from  these  the  vaccinal  content  ia  withdrawn,  on  the  fifth  day  ia 
summer  or  the  sixth  in  winter.  The  contents  are  removed  by 
pressure  and  by  scraping  the  pustules.  The  scrapings  are  mixed 
with  water  and  glycerine.  The  vaccine  thus  prepared  is  put  into 
small  glass  tubes  which  are  sealed  at  both  ends.  This  method,  with 
slight  modifications,  has  extended  to  many  other  countries,  and  is 
[479]  carried  out  either  iu  private  establishmeuts  or  in  State  institutions 
as  in  Germany.     For  the  purpose  of  purifying  the  vaccine   it  is 

'  Deitinche  med,  IVehnichr.,  Leipiig,  1901,  8.  130;  Bnt.  Med.  Journ,,  London, 
1901,  Vol.  1,  p.  <Ma 

*  Deuuehe  med.  Wehntchr.,  Leipsig,  1901,  8.  261. 


diluted  and  then  allowed  to  sediment  or  it  may  be  subjected  to 
centrifugalisation.  The  object  of  tliese  measures  is  to  rid  the 
"lymph"  of  the  micro-organisms  which  accompany  it  This  object 
18,  however,  only  imperfectly  attained  and  is  moreover  accompanied 
by  an  attenuation  of  the  vaccinal  action.  On  the  other  hand,  pre- 
cautions are  taken  to  ensure  all  possible  cleanliness  during  tl»e 
operation  of  inoculation  and  whilst  the  calves  are  under  treatment. 
Thus,  great  care  is  taken  to  disinfect  the  area  of  inoculation  with 
alcohol  or  some  other  antiseptic  and  to  dress  the  pustules  during  the 
course  of  their  development  Similarly  the  arms  of  the  patient  to 
be  vaccinated  are  well  washed  ;  following  in  this  the  rules  of  asepsis 
rather  than  of  antisepsis  for  fear  that  the  vaccinal  virus  might  be 
destroyed  by  antiseptic  substances.  Various  instruments  are  made  use 
of  for  vaccination  and  care  is  taken  to  sterilise  these  before  they  are 
used.  Sometimes  the  lancet  is  used,  sometimes  "  plumes  à  vaccin  " 
or  vaccinostyles,  or  a  bistoury  of  iridio-platinum  (Lindenbom)  etc. 

When  the  vaccine  is  of  good  quality  and  the  operation  of 
vaccination  is  well  done,  there  is  no  doubt  as  to  the  protective 
result  obtained  against  small-pox.  The  observations  that  have 
been  collected  for  a  great  number  of  years  past,  in  many  countries, 
place  this  beyond  doubt.  There  are,  indeed,  stitistics  from  which 
it  is  impossible  to  draw  any  precise  conclusions  because  they  are 
founded  upon  too  scanty  figures  or  deal  with  conditions  that  are 
too  complex.  This  is  the  case  with  the  Swiss  vaccinations.  Certain 
cantons  (such  as  Zug  and  Uri)  have  made  vaccination  obligatory, 
whilrt  others  (Bern,  Zurich,  Lucerne,  etc.)  some  years  ago  abolished 
the  law  which  compels  the  vaccination  of  all  children  in  infancy. 
It  happened  that  for  some  years  small-pox  had  more  victims  in  the 
cantons  of  the  first  group  than  in  those  of  the  second.  The  opponents 
of  antivariolic  vaccination  attempted  to  use  this  as  an  argument 
against  the  utility  of  this  method.  But  a  more  detailed  study  of 
the  facta  clearly  shows  that  it  is  impossible  to  draw  from  it  any 
conclusion  whatever.  Even  in  those  cantons  where  vaccination  is 
supposed  to  be  compulsory  this  law  is  not  carrieci  out  rigorously, 
and  the  number  of  persons  vaccinated  often  does  not  exceed  that  in 
the  cantons  where  it  is  not  obligatory. 

In  order  to  gain  some  idea  of  the  utility  of  vaccinations  we 
must  collect  statistics  on  a  much  larger  scale  than  are  those  obtain- 
able fron>  the  Swiss  cantons.  Germany  funiishes  such  statistics. 
Compulsory  vaccinution  was  introduced  there  more  than  a  quarter 
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[480]  of  a  ceutury  ago  (1074),  and  statistical  information  has  been 
collected  with  great  care.  Witli  the  exception  of  a  alight  increase 
during  the  period  from  1879  to  188Ô  small-pox  has  dimiaished 
progrestsively  since  the  proclamation  of  the  new  law,  and  has  become 
BO  rare  that  in  1897  there  were  only  5  fatal  cases  in  the  whole  German 
Empire.  In  tlic  space  of  13  years  (1886 — 1898),  in  a  population 
which  embraces  two-fifths  of  the  total  inhabitants  of  the  German 
Empire,  there  were  altogether  five  fatal  cases  of  small-pox  occurring 
ill  persons  who  had  been  successfully  revaccinated.  Moreover,  the 
majority  of  the  cases  of  small-pox  occurred  in  the  maritime  towns 
or  in  the  vicinity  of  the  frontier  of  the  Russian  Empire. 

Specially  favourable  results  have  been  obtained  in  the  Gennaii 
army,  in  which,  even  before  the  law  of  1874,  vaccination  was  com- 
pulsory. In  25  years  there  occurred  in  the  Prussian  army  only  two 
cases  of  death  from  sniall-pox.  In  summing  up  the  statistical  data 
on  vaccination  Kiibler^  from  whom  we  have  borrowed  the  above 
stiitements,  expresses  himself  as  follows:  "The  history  of  small-pox 
must  in  all  cases  register  the  fact  that  this  dreaded  disease  has,  as 
the  result  of  general  vaccination,  not  only  become  rare  in  the  German 
Empire  but  that  it  has  almost  completely  disa^jpeared  "  (p.  305). 
The  example  of  Germany  encouraged  several  other  countries  to 
introduce  compulsory  vaccination,  and  Roumania,  Hungary,  and 
Italy  have  in  turn  promulgated  similar  laws.  Here  also  it  n'as  not 
long  before  6ati8factoi7  results  were  obtained.  In  Italy  especially  the 
mortality  from  small-pox  lias  largely  decreased  in  recent  years. 

In  England,  where  compulsoiy  vaccination  was  introduced  some 
time  ago,  it  was  abolished  in  1898.  As  the  opposition  of  the 
people  became  more  manifest,  the  law,  although  it  continued  to 
exist  formally,  was  carried  out  very  imperfectly.  The  number  of 
unvacciuated  children  had  gradually  increased  in  such  a  fashion  that 
in  London  itself  in  1897 — 1898  it  attained  the  proportion  of  24*9  •/»» 
whilst  in  certain  provincial  districts  it  has  oscillated  between  78*4 
and  86"4  '/»•  Under  these  conditions,  the  abolition  of  the  law  of 
compulsory  vaccination  was  only  the  legal  sanction  of  an  accom- 
plished fact.  Accoitling  to  the  details  which  have  been  supplied  to 
me  by  the  Jenner  Institute  in  London  (which  has  taken  in  hand  the 
[481]  distribution  of  vaccine),  vaccinations  since  they  are  no  longer  com- 
pulsory have  become  more  frequent  in  England,  and  the  quantity 

'  "  Die  Geschickte  der  focken  und  der  liuprang,*  von  Coler's  Bibliothck,  Berlin, 
1901. 


of  Taccine  distributed  has  increaâe<l  coueidenibly.  Tliis  quantity^ 
liowevcr,  in  not  adequate  because  small-pox  baa  agaiu  made  its 
appearance  iu  London  in  the  form  of  a  pretty  serious  epidemic^ 

In  France  a  law  la  being  framed  which  will  render  infant  vac- 
cination compulsory.  Up  to  the  present  this  has  not  been  the 
case,  and  sntall-pox  from  time  to  time  causes  considerable  ravages, 
as  we  may  see  at  tliis  moment  in  Paria.  During  recent  years  the 
mortality  from  small-pox  in  France  has  been  from  90  to  100  times 
greater  than  in  Germany,  It  is  greater  amongst  the  female  popula- 
tion than  amongst  males  ;  this  constitutes  a  fresh  argument  iu  favour 
of  vaccination.  Although  not  compulsory  for  the  whole  of  the 
French  i>opuIutiou,  it  is  so  for  soldiers  and  for  children  who  carry  on 
their  studies  in  schools,  and  it  is  for  tliis  reason  that  small-pox  is 
rarer  amongst  males.  The  most  comi)lcte  demonstration  of  this  is 
found  in  the  incidence  of  small-pox  in  the  French  army.  In  spite 
of  a  less  numerous  contingent  of  troops  (451,941 — 457,677)  the 
mortality  from  smiUl-pnx  was  greater  during  the  period  when 
vaccination  wtis  not  yet  carried  out  generally  (lïlU5—l8ii7)  than 
during  the  period  (1089— 1096)  when  it  was  rigorously  enforced 
on  a  much  larger  number  of  soldiers  (521,733—504,643).  From 
13*6  fatiil  cases  per  year  iu  the  first  period  the  annual  figure 
fell  to  6. 

It  follows,  when  we  take  into  consideration  the  whole  of  the  very 
numerous  datii  at  our  disposal,  that  the  usefulness  of  vaccination 
followed  by  revaccination  after  some  (5 — 7)  years  cannot  be  seriously 
culled  in  <pie3tioD.  As  to  the  inconvetiiences  that  may  be  caused, 
they  are  observed  in  very  rare  cases,  and  then  most  frequently  when 
impure  vaccines  are  used,  or  when  the  vaccinated  skin  becomes 
contaminated  According  to  the  German  statistics  there  were 
rcgistereil  in  the  sjjace  of  13  years  (1B85 — 1897),  in  32  millions 
of  vaccinations,  113  fafcd  cases  as  the  result  of  infection  of  the 
wounds.  In  forty-six  of  these  it  was  proved  that  the  small  wound 
had  been  contaminated  by  impurities  introduced  by  those  attending 
on  them.  The  remaining  67  fatal  cases  could  be  ascribed  to  the 
vaccines  themselves.  We  must,  however,  still  regaril  these  cases  as  too 
numerous  and  as  being  readily  avoidable  by  the  adoption  of  rigorous 
asepsis.  To  sum  up,  the  anti-variolous  vaccination  by  the  virus  of 
cow-pox  constitutes  a  method  of  very  great  value  in  the  prevention  of  [482] 
one  of  the  most  dreaded  of  infective  diseases,  but  it  is  evident  that 
>  Lahcel,  LoadoD,  1901,  Vol.  ii,  p.  790. 
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improTement  can  still  lie  made  in  this  branch  of  practice.  Tf  science 
«hould  succeed  some  day,  as  we  may  be  permitted  to  hope  it  will,  in 
fiiuling  the  micro-organism  of  vaccinia  and  of  8mall-i)ox,  and  it  should 
succeed  in  growing  it  in  pure  media,  it  might  react  very  beneficially 
on  tlie  pmctical  application  of  vaccination.  The  more  eiraple  the 
methods,  the  less  chance  will  there  be  of  the  occurrence  of  those 
unsuccessful  cases  which,  even  now,  are  rare  exceptions. 


II.  Vaccinations  against  shcep-pox  {la  clareUeX — Sheep-pox, 
being  a  disease  very  similar  to  human  small -pox  and  very  serions 
fi"om  an  economic  point  of  view,  the  idea  was  conceived  of  fighting  it 
by  methods  similar  to  those  U8e<l  against  small-pox.  Since  the  18th 
centurj'  there  has  been  practised  on  a  large  scale  the  artificial  im- 
munisation of  sheep  by  the  inoculation  of  the  virus  of  the  sheep-pox 
(clavelisation)  just  as  the  variolisation  of  man  was  practised  before 
the  discoveiy  of  cow-pox.  For  this  purpose  it  was  necessary  to  have 
a  considerable  quantity  of  virus  ;  this  was  obtained  by  inoculating 
sheep-pox  into  the  skin  of  sheep.  This  inoculation  was  effected  either 
with  a  lancet  or,  according  to  Soulié's  method  ^  by  means  of  a  Pravaz 
syringe.  The  pustules,  developed  under  these  conditions,  were  gene- 
rally of  large  size  and  capable  of  furnishing  a  considerable  quantity 
of  the  virulent  lymph  {claremt)  used  for  immunisation.  Tliis  fluid, 
when  gathered  pure,  and  kept  in  a  closed  vessel  protected  from  light 
and  heat,  retiiins  its  virulence  for  a  long  time:  unlike  what  is  observed 
in  the  case  of  vaccine,  the  addition  of  glj'cerine  destroys  the  virulence 
of  the  lymph  pretty  quickly.  For  use,  the  lymph  is  diluted  with  ten 
times  its  volume  of  2Yo  borated  water;  the  fluid  thus  obtained 
is  inoculated  into  the  extremity  of  the  tail  or  of  the  ear  ;  usually 
a  pustule,  which  remains  single,  is  formed  at  the  point  of  inoculation. 
Clavelisation  rarely  sets  up  a  generalised  eruption  which  is  always 
serious  and  sometimes  fatal. 

In  France  the  law  ordains  the  clavelisation  of  floclcs  in  winch 
sheep-pox  appears  ;  but  it  interdicts  its  practice  in  unattacke<l 
flocks  ; — it  is  easy  to  understand  the  reason  for  this  ;  in  infected 
flocks  all,  or  almost  all,  the  slice]»,  gradually  become  ill  and  the 
[483J  illness  lasts  for  some  time  ;  claveli!*ation  diminishes  Ixtth  the  duration 
and  the  gravity  of  the  disease  ;  the  mortality  that  it  causes,  although 
sometimes  very  great,  the  French  sheep  being  very  susceptible  to 
sheep-pox,  is  always  much  less  than  that  due  to  a  natural  contagion  ; — 
'  Médecine  moderne,  l'aria,  1896,  p,  441 


on  the  other  hand,  the  clavelisatîon  of  a  healthy  flock,  beyond  the 
fact  that  it  may  cause  considerable  losses,  is  attended  by  the  special 
danger  that  it  creates  centres  from  which  the  contagion  may  invade 
all  the  flocks  of  the  di^ttrict. 

But  there  are  countries  in  which  protective  and  general  clavell- 
satiou  does  not  present  these  inconveniences — the  countries  where 
the  disease  is  endemic  and  where  the  sheep  are  very  resistuat  to  the 
action  of  its  virus.  This  is  the  case  in  Algeria  ;  sheep-pox  exists 
there  permanently  without  doing  much  damage;  but  the  Algerian 
sheep,  which  take  sheep-pox  without  suffering  any  apparent  illness, 
communicate  to  French  sheep  amongst  which  they  are  introduced 
a  very  malignant  sheep-pox  which  sometimes  kills  as  many  as  50  per 
cent  of  the  flock.  This  explains  and  justifies  the  measures  recently 
taken  by  the  ilinister  of  Agriculture,  forbidding  the  importation  of 
Algerian  sheep  into  France  unless  they  have  been  vaccinated  at  least 
a  month  previously. 

In  many  other  countries  clavelisation  is  likewise  enacted,  being 
authorised  in  cases  where  it  may  be  very  useful  and  interdicted 
in  other  cases.  In  certain  countries,  e.g.  Germany,  Holland,  and  Den- 
mark, clavelisation  can  be  put  into  force  by  the  Government,  which 
alone  has  the  right  to  authorise  it  under  certain  circumstances.^ 

TU.  Antirnhic  vaccinations.  Vaccination  against  rabies  has  this 
point  in  common  with  those  against  small-pox  and  sheep-pox,  that 
it  is  efiected  with  a  virus  whose  micro-organism  is  as  yet  unknown. 
On  the  other  liand,  it  is  distinguished  by  its  eflScacy  during  the 
incubation  period.  When  persons  are  vaccinated  during  the  incu- 
bation period  of  small-pox,  or  sheep  during  the  same  period  of 
sheep-pox,  the  vaccinations  by  vaccine  and  claveau  are  incapable  of 
arresting  the  disease  and  the  infections  continue  to  follow  their 
normal  course.  When,  on  the  other  hand,  we  vaccinate  men  or 
animals  that  have  been  bitten  by  mad  animals  or  inoculated  with  the 
rabic  virus  by  other  means,  the  antirabic  vaccination,  with  rare 
exceptions,  prevents  the  development  of  rabies.  This  vaccination, 
takinp  advantage  of  the  lengtl»  of  the  incubation  period  of  rabies, 
constitutes,  therefore,  a  special  type,  intermediate  between  pro-  [484] 
tective  vaccination,  properly  so  calle*!,  and  a  therai)eutic  method 
of  treatment 

»  Nocard  et  Ledainchc,  "  Les  maladioi  aùcrobienue»  des  animaux,"  2»  édition, 
rum,  18ti6,  pp.  464,  469. 
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It  is  to  Pasteur  that  science  and  humanity  owe  the  invention 
of  this  method.  Aided  by  his  coUaborators,  especiîilly  by  Roux^  he 
established  in  tlie  first  place  a  whole  series  of  important  facte  on  the 
subject  of  tfie  rabic  virus  and  of  experimental  rabies.  He  then  set 
himself  to  elaborate  a  practical  method  capable  of  preventing  the 
manifestation  of  the  disease  in  dogs  inoculated  with  rabic  rirus  and 
in  men  bitten  by  mad  animals.  He  succeeded  in  solving  this  problem 
hi  1885. 

Pasteur's  antirabic  vaccines  are  prepared  from  the  spinal  cords 
of  rabbits  that  have  died  of  experimental  rabies  as  the  result  of 
the  inoculation  of  the  virus  bearing  the  name  of  "fixed  virua." 
Prepared  in  the  laboratory,  this  virus  presents  the  characteristic 
feature  that  when  inoculated  under  the  dura  mater  of  rabbits  it  sets 
up  in  them  the  first  rabic  manifci^tations  after  an  incubation  period 
of  six  or  seven  days.  The  disease  soon  assumes  the  typical  paralytic 
form  which  lasts  sevenil  days.  Wlitlst  the  period  of  incubation 
presents  only  very  limited  variation,  the  time  of  death  is  subject  to 
nmch  greater  variation,  esi)ccia!ly  according  to  the  season  of  the  year. 
Sometimes  the  rablnts  wil]  die  on  the  eighth  day  after  the  inoculation 
of  the  virus  :  but  death  may  be  delayed  one  or  two  days,  rarely 
more. 

It  is  necessary  to  wait  for  the  natural  death  of  the  mad  rabbits 
before  the  spinal  cord  is  extracted^  and  not  to  kill  them  before  this 
term,  for  it  is  only  during  the  final  moments  of  life  that  the  rabic 
virus  is  abundant  and  is  distributed  uniformly  through  the  whole 
substance  of  the  organ.  After  removal  from  the  vertebral  canal  the 
cord  is  suspended  in  glass  vessels  containing  solid  potassium  hydrate 
at  the  bottom.  A  whole  series  of  cords  so  prepared  are  then  kept  in  a 
dark  chamber  heated  to  23°  C.  or  thereabouts.  The  progressive  desic- 
cation which  the  cords  undergo  under  these  conditions  diminishes  their 
virulence.  At  the  end  of  scvcnd  days  of  this  treatment  the  desiccated 
cord,  instead  of  producing  i*abies  in  6 — 7  days  in  rabbits  inoculated 
under  the  dura  mater  by  trepanning,  induces  it  after  longer  periods 
of  incubation.  Finally,  the  cords  do  not  produce  even  the  slightest 
symptoms  of  the  disease. 

The  fundanienttd  basis  of  the  Pastenrian  method  consists  in  the 
fact  that  the  desiccated  cord,  inoculated  as  an  emulsion  below  the 
skin  of  animals,  pro<luces  in  them  a  oom[)lete  and  permanent 
I  [4S.']  immmiity   again.st   inoculation   of  the    most    powerful    rabic   virus 

beneath  the  dura  mater.    This  experiment,  frequently  repeated  on 


rabbits  and  dogs,  justified  P.osteur  in  1885  in  attempting  tlie  first 
vaccinations  of  persons  bitten  by  rabid  animals,  especially  dogs.  The 
encouragitipf  results  of  tlicse  early  attempts  led  to  the  foundation 
of  the  Pasteur  Institute  in  Paris,  devoted,  in  part,  to  antirabic  >'ac- 
cinations.  Shortly  afterwards,  antirabic  Institutes  were  founded  in 
many  other  European  towns,  and  later  in  Nortli  and  South  America, 
in  Indo-Cbina,  the  East  Indies,  and  in  xVfrica-  At  present  there  are 
in  France  six  such  Institutes  (Paris,  Lille,  Marseilles,  Montpellier, 
Lyons,  Bordeaux),  in  Russia  9,  in  Italy  6,  etc  The  last  of  these 
institutions  foun<led  in  Europe  is  that  of  Berlin,  where  it  forms  a 
branch  of  the  Institute  for  Infective  Diseases  earned  on  under  the 
direction  of  Robert  Koch.  The  foumlation  of  an  antirabic  institute 
in  Berlin  had  a  very  impoHant  significance  from  several  points  of 
view.  In  the  first  place,  it  indicates  the  definite  acceptiince  of  the 
Fasteurian  method,  a  metliod  which  has  been  «liscusseil  so  long  and 
BO  keenly.  Secondly,  it  proves  that  even  in  a  State  where  there  is  a 
highly  organised  suniUiry  police,  antirabic  vaccinations  may  still  be 
of  great  service- 
Seeing  that  it  was  in  the  Pasteur  Institute  of  Paris  that  the 
method  of  antirabic  vaccinations  was  first  elaborated  and  that  it 
has  imdergone  a  very  prolonged  ordeal,  the  method  there  used 
serves  as  a  model  for  the  practice  of  almost  all  other  institutes. 
Although  in  some  of  them  methods  which  difler  more  or  less  from 
the  original  may  have  been  introduced,  the  fundamental  principle 
upon  which  they  are  btised  remains  the  same. 

According  to  the  Pastcurian  method  properly  so  called  the 
vaccinal  inoculations  are  commenced  with  cords  that  have  been 
drietl  for  14  days  and  have  thus  lost  their  virulence.  A  piece  five 
millimetres  long  is  poun<k'd  up  with  veiy  weak  veal  broth.  Up  to 
3  cc  of  the  emulsion  thus  prepared  is  injected  below  the  skin  of  the 
flank.  The  same  day  a  second  injection  of  the  same  quantity  of  an 
emulsion  of  a  cord  which  has  been  drying  for  13  days  is  made  at  the 
corresjwnding  position  on  the  opposite  side.  Each  day  an  advance 
is  made  by  injecting  emulsions  of  cord  which  are  increasingly  fresh 
and  the  treatment  is  concluded  by  tlie  introduction  of  virulent  corda, 
which  have  been  kept  at  23°  C.  for  3  days  only.  The  ordinary 
mediiim  treatment  lasts  for  15  days.  On  the  first  5  days  two  vaccine 
injections  a  day  are  made.  On  tlie  last  10  days,  when  gradually 
fresher  and  more  virulent  cords  are  emjdoyed,  only  a  single  in- [486] 
jection  is  made  each  day.    The  injections  are  made  with  syringes  of 
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the  Pravaz  type  and  are  carried  out  uuder  couditious  of  rigorous 
cleanliness. 

If  the  bites  are  numerous,  or  if  they  are  situated  on  exposed  parts, 
the  treatment  is  prolonged  for  18  days  and  is  fui'ther  di6tiiigui!>hed  iu 
that  the  cords  of  4  and  of  3  days  are  iiyecte<l  nnich  more  frequently. 

In  especially  grave  cases,  when  the  bites  are  on  the  face  and  head, 
the  treatment  extends  over  3  weeks.  A  more  rapid  progress  is  made 
by  making  four  injections  instead  of  two  during  the  two  first  days  ; 
in  this  way  a  greater  quantity  of  the  virulent  cords  is  injected  than 
iu  the  fii-st  two  types  of  treatment 

The  effect  of  the  antirabic  vaccinations  is  usually  very  good. 
During  the  early  years  of  their  application  the  results  were  fully 
discussed  fi-om  all  points  of  view,  and  no  efforts  were  neglected  of 
seeking  out  objections  of  every  kind.  For  the  purpose  of  obtain- 
ing rigorously  accurate  statistics  a  separate  division  was  made,  at 
the  Pasteur  Institute,  for  the  cases  of  perdons  treated  after  bites 
inflicted  by  dogs  whose  rabic  condition  had  been  demonstrated 
experimentally  (by  the  injection  of  an  emulsion  of  the  bulb  below 
the  dura  mater  or  into  the  anterior  chamber  of  the  eye  of  the  ralibit 
or  guinea-pig).  A  second  and  special  set  of  statistics  was  drawn  up 
of  cases  where  the  bites  hud  been  inflicted  by  animals  whose  rabic 
conilition  had  been  recognised  by  veterinary  examination.  Indi- 
viduals bitten  by  animals  that  were  simply  suspected  to  suflTer  from 
rabies  were  kept  separate. 

Thanks  to  this  systematic  classification  we  were  able,  at  the  Pasteur 
Institute  of  Paris,  U>  establish  the  fact  that  the  antirabic  vaccinations 
performed  on  persons  bitten  by  animals  that  were  undoubtedly  mad 
resulted  in  an  extremely  low  mortality  from  rabies.  Finding  it 
impossible  to  attack  these  results,  demonstrated  with  the  precision  of 
a  laboratory  experiment,  the  adversaries  of  the  Pasteurian  method 
alleged  that,  quite  apart  from  any  vaccination,  the  percentage  of 
cases  of  rabies  iu  peraoas  bitten  by  mad  animals  is  not  greater 
than  amongst  the  vaccinated.  A  hitch  in  the  a])plication  of  th 
new  vaccinal  method  soon  demonstrated  how  entirely  unfouni 
was  this  objection.  At  the  Biicteriological  Institute  of  Odessa, 
founded  iu  188G,  that  is  to  say  almost  immediately  after  the  Parb 
Institute,  the  first  attempts  at  vaccination  were  followed  by  a  mor- 
tality from  rabies  of  5'88  per  cent.,  a  figure  iucompanibly  higher, 
than  that  of  the  Paris  Institute.  Analysing  the  probable  causes  ol 
[487] this  waut  of  success  it  was  found  that  the  Russian  rabbits,  being' 
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much  Binnller  than  the  French  ones,  furnished  far  too  small  an  amount 
of  vaccinal  matter.  This  being  the  case,  the  introduction  of  a  more 
intensive  treatment  was  sufficient  to  cause  the  mortality  to  drop 
suddenly  to  0"8  per  cent.  This  fact,  added  to  so  many  other  prooft, 
finally  con\inced  the  most  sceptical  and  brought  about  a  general 
acceptance  of  the  Pasteuriau  method. 

In  course  of  time  the  number  of  cases  observed  has  become  very 
considerable  and  the  experieuce  gained  in  the  manipulation  of  this 
method  very  wide.  The  improvemeuLs  made  in  the  detsiils  of  the 
vaccinal  practice  have  brought  about  a  progressive  diminutiou  in 
the  mortidity  amongst  the  persons  treMed.  From  0'94  per  cent,  in 
litHG  the  mortality  (counted  from  the  16th  day  after  the  completion 
of  the  vaccinations)  fell  in  1897  to  0'39  per  cent^  in  1900  to  0*28  l'C" 
cent  In  the  space  of  15  years  (1886— 19UU)  there  have  been  treated 
ill  Porie  24^065  persons,  of  whom  107  died  from  rabies,  giving  an 
average  of  0"43  per  cent'.  The  greatest  mortality  was  registered 
during  the  early  years  of  the  appliaition  of  the  method,  and  the 
mte  of  the  later  years  (1896—1900)  oscillated  between  0'39  per  cent, 
and  0  20  per  cent 

The  results  obtained  in  the  majority  of  the  otlier  antirabic  insti- 
tutes corroborate  those  of  the  Pasteur  Institute  of  Paris.  Thus, 
according  to  the  latest  statistics  of  the  St  Petersburg  Institute*,  the 
mortality,  in  1899,  among  persons  who  had  completed  their  vac- 
cinations, was  about  O'o  per  cent  At  Berlin*  there  were  treated 
during  the  same  period  384  persons,  of  whom  2  died  from  rabies 
during  treatment,  whilst  a  third  succumbed  on  the  14th  day  after 
the  close  of  the  vaccinations.  Only  this  latter  case  ought,  ac- 
cording to  the  principles  generally  accepted,  to  be  counted  as  an 
unsuccessful  ciise,  this  would  give  a  mortidity  of  0'26  per  cent 

Quite  recently,  the  antirabic  treatment  has  been  so  reinforced  that 
the  treatment  tenninatea  with  the  injection  of  cords  desiccated  for 
two  days  or  even  one  day  only.  The  results  of  this  intensive  treat- 
juent  have  not  yet  been  reported  upon. 

According  to  the  statistics  of  the  Berlin  Institute  rabies  is  far 


>  Report  by  Vinla  in   the  Attn,  de  rintt.  PatUiir,  Paria,  1901,  t  xv,  p.  445. 
bere  will  be  found  iu  Murie's  wdrk,  "  Ln  nigu"  {QilUclion  det  aideê-mém.,  Paris, 
kDOO),  muny  details  on  antirabic  vaccination. 

*  According  to  Krjijouuhkine,  in  the  Arc^^.  d.  ScL  biol.,  8t  Pétorsbourg,  1901, 
viit,  p.  :i49. 

'  According  to  Marx  iu  Klin.  Jalirb.,  Berlin,  ItfOO,  Bd.  vit,  S.  1. 
li.  SO 
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[488]  from  being  so  rare  in  Cemiany  as  was,  at  one  time,  generally  snp- 
posed.  During  the  year  1899  its  presence  was  denionstnite<I,  by  tlie 
experimental  metliod,  in  206  dogs  coming  from  various  districts.  It 
is  in  Silesia,  Western  Prussia,  and  Posen  tbat  rabies  in  dogs  has  been 
observed  most  frequently. 

Antirabic  vaccinations  have  also  been  performed  on  herbivorous 
animals  (sheep,  goats,  CJittle,  and  horses)  which  are  immunised  by 
means  of  injections  of  the  rdbic  virus  into  the  veins,  according  to  the 
method  suggested  by  Nocard  and  Roux',  aâ  the  result  of  experi- 
ments made  by  Gnltier". 

IV.  VaccinatiotiS  against  rhtdet'pest  For  some  time  attempt-» 
were  made  to  find  a  means  of  immunising  the  Bovi<lae  and  other 
ruminants,  eusceptible  to  rinderpest,  against  this  terrible  disease, 
which  causes  gi-eat  ravages  in  regions  where  it  is  endemic  and  greater 
still  in  those  i-egions  where  it  only  appears  iu  epidemic  form.  The 
good  results  obtsiiiied  from  "  clavelisation  "  suggested  the  idea  of 
immunising  against  rinderpest  by  the  inoculation  of  the  rinderpest 
virus,  but  all  such  attempts  gave  unsatisfactoi^  results,  the  inocula- 
tion setting  up  a  rinderpest  as  grave,  and  often  as  fatal  as  the  natural 
disease.  Only  in  recent  years  have  we  succeeded  in  elaboi*ating 
methods  of  vaccination  really  capable  of  coping  effectively  with 
rinderpest.  Kocli^  went  to  Cape  Colony,  where  this  disease  had 
recently  ajipeared  and  had  caused  enonnous  losses,  with  tlie  int^enticn 
of  âtiding  a  practical  method  of  arresting  the  scourge.  In  spite 
of  his  technique  and  iiiconiparablo  skill  he  was  as  unsuccessful  in 
finding  the  parasite  of  rinderpest  as  had  been  other  inveatigators. 
The  micro-organism  of  this  disease  remains  unknown.  It  was 
necessary,  however,  to  seek  a  remedy  against  it.  Koch,  studying 
the  properties  of  the  bile  of  animals  that  had  died  from  rinderpest, 
recognised  that  the  injection  of  this  bile  into  normal  animals  con- 
ferred upon  them  a  fairly  cert.'iiu  immunity,  and  this  fact  served  as 
the  basis  on  which  to  work  out  a  jiractical  method  of  combating 
rindetpest  on  a  large  scale.  At  first  this  method  was  received  with 
[469]  much  enthusiasm,  but  experience  soon  demonstrated  the  inc<Mi- 
veniences  it  often  presented.    KoUe  and  Turner*,  who  continued  the 


*  Ann.  dePTnêt.  Pasteur,  Pari»,  18S8,  t  n,  p.  841. 

*  Omipt.  rend.  Acad.  d.  »c ,  Paris,  18S1,  t  xciil,  p.  284. 
»  Dtiittehe  med.  Wclmtehr.,  Leipzig,  1897,  SS.  225,  241. 
«  Zttekr.f.  Hyg.,  Leipzig,  1898,  Bd.  xxnc,  a  30!). 


researches  on  rinderpest  in  Cnpe  Colony,  extolled  Koch's  metho<l  at 
the  conimeuccment  of  the  epidemic  with  the  object  of  establishing 
around  the  original  disease  centre  an  unaffected  zone  which  •would 
interfere  with  the  propjigation  of  the  disease.  They  recogniscil, 
however,  that  this  method  could  not  be  employed  generally,  for  the 
reason  tlmt  it  does  not  set  up  innnunity  until  the  end  of  eight  days, 
during  which  period  the  animals  may  contract  the  disease.  Further, 
it  demands  the  sacrifice  of  a  large  number  of  animals  in  order  to 
provide  the  raccinal  bile  required  for  tlie  vaccinations  ;  finally,  it 
confers  an  immunity  of  short  duration  only  (four  to  six  months). 

It  was  necessary,  therefore,  to  find  some  method  that  was  more 
generally  applicable.  With  this  object  Koch  himself  began  to  study 
the  blood  serum  of  animals  that  had  recovered  siwntaneously  from 
rinderpest  He  was  able  to  assure  not  only  himself,  but  several  other 
observers,  that  this  serum  was  capable  of  rendering  normal  animals 
into  which  it  is  injected  refmctor)'.  Bordet  and  Danysz,  who  studied 
rinderpest  in  the  Transvaal  in  1897,  made  many  experiments  in  this 
direction  and  devised  a  method  which  gave  good  results  in  practice. 
But  it  was  left,  to  Kolle  and  Turner  to  work  out  a  method  at  once 
simple  and  easily  applied,  one  which  soon  came  into  general  use. 
This  metho<l  is  known  by  the  name  of  "simultaneous  vaccinations." 
It  consists  in  the  injection  of  a  protective  serum  simultuneously  with 
the  virulent  blood.  To  prepare  the  former  the  authors  just  men- 
tioned made  use  of  animals  that  had  recovered  sjmnt-ineously  from 
rimlerpest  or  of  Bovidae  that  bad  been  immunised  by  bile  or  by  some 
other  method.  It  was  recognised  that  the  protective  power  of  the 
serum  of  animals  that  have  recovered  is  very  small  and  caimot  confer 
immunity  on  normal  animals,  except  when  injected  in  large  doses. 
Kolle  and  Turner  showed  that  if  Bovidae  that  have  recovered  spon- 
taneously are  injected  with  very  large  quantities  of  virulent  blood 
coming  from  animals  fatally  attacke<.I,  the  protective  jwwer  of  the 
scrum  of  the  former  is  markedly  increased  and  a  serum  is  obtained 
which  is  active  in  small  doses  and  which  gives  good  result*  in  prac- 
tice. This  serum  may  be  kept  for  a  long  time  by  the  addition  of  a 
small  quantity  of  cai'bolic  acid.  The  immunity  conferred  by  this 
senmi  u{>ou  normal  animals  is  innnediate,  but  of  short  duration;  it[-i90] 
is  completed  by  making  a  simultiineous  injection  of  virulent  blood  ; 
we  thus  obtain  a  double  imiuunity,  one  part  immediate,  the  other  per- 
n)anent;  to  get  this  result,  however,  the  senim  must  not  be  mixed 
with  the  virulent  blood,  for  w  ben  this  is  done  the  immunity  conferred 
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is  trifling  or  nil.  On  the  otlier  haml,  it  is  con)])lete  and  pci'sists  fur 
several  oiontLs  when  the  protective  serum  is  injected  eepai-ately  ou 
one  side  of  the  body  and  the  virulent  blood  ou  the  other. 

KoUe  and  Turner  had  to  defend  their  method  against  many  ill- 
founded  objections  and  attacks,  but  they  succeeded  in  getting  it 
accepted,  not  only  in  Cape  Colony  but  also  in  many  other  parts  of 
Africii,  and  iu  many  countries  in  Europe  and  in  Asia.  In  1898  it  was 
decided  at  a  cunference  m  liicii  met  in  Cape  Town  to  use  the  method  of 
simultaneous  vaccinations  to  the  exclusion  of  all  others.  This  method 
has  since  been  applied  on  a  very  large  scale  and  it  was  not  long  before 
favourable  results  were  obtîiined.  The  same  method  has  proved  to 
be  very  successful  with  Nicolle  and  Adil-Bey^  of  Constantinople, 
who  now  jirepare  large  quantities  of  the  antiriiidei-pest  hcrum,  and 
combat  this  disease  with  great  success  iu  the  Ottoman  empire. 
Yersin-  adopted  the  same  method  to  fight  the  cattle  plague  in  Indo- 
Cliiiu»,  where  it  causes  great  ravages,  especially  among  buffaloes.  Bi:» 
institute  at  Xiia-Tnuig  has  become  a  centre  for  the  preparation  of 
the  specific  serum,  which  he  distributes  over  a  ?ast  territory.  In  the 
East  Indies  the  simultaneous  method  has  been  applied  by  Rogers^. 
In  Russia,  where  rinderpest  is  endemic  in  many  regions,  the  Institute 
of  Experimental  Medicine  at  St  Petersburg  furnishes  the  serum 
def^tiued  to  prevent  the  propagation  of  tliis  epizootic  disease*. 

In  a  few  years  this  method  of  siniultiuieous  vaccination  has  been 
extendc<l  to  all  the  countries  ravaged  by  rinderpest  and  has  already 
rendered  immense  services  to  agriculture. 

V.  Anti-anthrax  vacci tuitions.  In  the  first  four  sections  of  this 
Chapter  we  have  brought  together  the  methods  which  have  as  their 
[401]  basis  the  vaccination  by  viruses  whose  nature  is  as  yet  uuktiowu. 
Since  we  caimot  obtain  them  by  artificial  culture,  we  have  to  intro- 
duce them  with  auimal  fluids  : — either  the  contents  of  vaccinal  or 
clavekir  pustules,  or  matter  from  rabic  uervous  centres,  or  again  the 
blood  of  animals  attacked  by  rinderpest.  In  the  case  last  mentioned, 
in  order  to  prevent  the  too  serious  eftect  of  the  injection  of  the  virus, 
it  \*  combined  with  a  sinudtaueous  injection  of  protective  serum. 

'  Ann.  <fo  I'/mt.  Patleur,  Paria,  ISîtS,  t.  xiii,  p.  31!)  ;  IDoi,  t.  xv,  p.  715. 

*  Hec.  de  méd.  vét.,  Paris,  1901,  pp.  48,  110. 

*  Rnport  OH  an  experi7n.  Incestig.  of  the  met/fid  qf  Imiculaiion  agaiutt  Rlmlet- 
peil,  Calcutta,  1900;  Ztuchr.f.  Hyg.,  Leipzig,  IJMJii.  M.  xxxv,  H.  69. 

*  N'eiicki,  Sieber  aud  Wjznikiowicz,  Arch,  internat,  de  Pltarrruicodyn.,  liand  et 
rart«,  189a,  vol.  v,  p.  475. 
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Tn  tlie  case  of  the  raccinations  against  anthrax  Tre  pass  to  the 
group  of  viruses  whose  organised  nature  is  well  knovra  and  whicli 
can  be  injected  in  pure  culture  grown  on  artificially  prepared  media. 
This  method  constitutes  one  of  Pasteur's  most  brilliant  discoveries, 
made  in  foUaboration  with  Charabcrland  and  Roux.  Before  they  had 
found  a  «itisfactory  method  of  vaccinating  against  anthrax  these 
observers  had  to  solve  the  problem  in  connection  with  a  less  com- 
plicate<l  and  less  difficult  case.  From  the  first,  in  his  studies  on 
pjitliogenic  micro  organisms,  Pasteur  had  devoted  his  attention  to 
finding  a  means  of  communicating  immunity  against  these  parasites. 
With  the  aid  of  Chamberland  and  Roux  he  was  not  long  in  discover- 
ing a  method  by  which  it  was  jmssiblc  to  attenuate  the  virulence  of 
e  micro-organism  of  fowl  cholera  and  to  vaccinate  fowls  against 
:his  terrible  disease  by  inoctilating  them  with  this  attenuatetl 
micro-organism.  Gui<lcd  by  tia-sc  results  Pasteur,  Chamberland  and 
Roux  set  to  work  to  find  the  vaccine  against  anthrax  ;  they  were  soon 
confronted  by  a  serious  obstacle  in  the  forinatitin  of  spores  which 
prevented  the  attenuation  of  the  bacilli.  This  obstacle  they  overcame 
by  submitting  cultures  of  the  bacillus  to  a  temperature  of  42'5°C. 
Vnder  this  condition  spores  do  not  develop,  and  the  bacilli  become 
attenuated  at  the  end  of  a  longer  or  shorter  period.  Although  in 
IKissession  of  these  attenuated  viruses,  it  still  needed  very  laborious 
invt'stigsilions  to  adapt  them  to  the  vaccination  of  various  species  of 
animals  susceptible  to  anthrax,  esiMîcially  sheep.  In  this  they  were 
also  successful,  and  in  1881,  over  20  years  ago,  Pasteur  and  his  collabo- 
rators demonstrated  the  efficacy  of  their  method  on  a  large  numlwr 
of  animals.  This  demonstration  was  made  at  Pouilly-le-Fort  before 
a  large  commission.  We  may  affirm  that  this  celebrated  exiieriment 
opened  a  new  path  to  science  and  to  the  |)ractice  of  vaccination. 
It  was  performed  on  50  sheep,  half  of  which  were  vaccinated  twice 
with  twelve  days'  interval,  the  other  25  sheep  serving  as  control 
animals.  Fourteen  days  after  the  vaccination  by  the  second  vaccine  [492] 
all  the  50  sheep  were  subjected  to  a  test  inoculation  of  a  very  strong 
anthrax  vims.  Two  days  later  the  vaccinated  animals  remained 
iinaftected,  whilst  the  control  animals  had  all  succumbed  to  anthrax. 

Similar  experiments,  imdertaken  in  France,  Hungary,  Germany, 
Russia  and  elsewhere,  confirmed  the  efficacy  of  anthnix  vaccinations 
and  led  to  their  extension  into  all  the  countries  where  bacterial 
anthrax  was  rife.  From  the  year  1881  the  method  came  into  regiilar 
use,  and  before  the  en<l  of  that  year  there  had  been  vaccinated,  in 
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France  alone,  62,000  sheep  and  6,000  Bovidae.  Since  the«e  first 
attempts,  made  on  a  large  scale,  gave  such  good  results,  the  anti- 
anthrax  practice  was  not  long  in  spreixdtiig  through  France,  then 
into  Himgsiry  and  several  other  European  countries.  Later,  it 
extended  into  other  continents,  especially  into  South  America 
(Argentina)'  and  Australia.  Vaccinations  against  anthrax  were  also 
applied  to  hoi-ses  with  the  same  good  results'. 

In  France  the  anti-antlirax  vaccines  are  prej)ared  at  and  sent 
out  from  tiie  P.isteur  Institute  of  Paris.  These  vaccines  consist  of 
broth  cultures  of  attenuated  bacilli,  of  which  the  weakest,  the  first 
vaccine,  is  fatal  to  the  mouse  and  small  guinea-pigs.  The  bacilli  of 
the  second  vaccine  are  less  attenuatejl,  and  are  callable  of  killing 
not  only  adult  guinea-pigs  but  eveu  a  certain  number  of  rabbits, 
when  inoculated  subcutaneously.  The  two  vaccines  are  races  of  the 
anthrax  bacillus,  capable  of  producing  spores  which  present  the  same 
degree  of  virulence  aa  the  filamentous  bacilli  which  gave  them  birth 

The  anti-anthrax  vaccines  are  scut  out  in  tubes  contiiining  th 
quantity  necessary  for  the  vaccination  of  a  large  number  of  animals.^ 
The  vaccinations  are  made  especially  in  spring  in  order  that  the 
animals  may  be  protected  daring  the  hot  season,  which  is  usually 
more  favourable  to  the  development  of  anthrax  epidemics. 

In  the  sheep  the  vaccines  are  injected  below  tlie  skin  on  the 
inner  asjtect  of  the  thigh.  One-eighth  of  a  cc.  of  the  first  vaccine 
is  injected  with  a  somewhat  modified  Pravaz  syringe.  Twelve  or 
[493]  fifteen  days  later  a  similar  injection  is  made  on  the  opposite  side  with 
the  second  vaccine.  In  the  Bovidae  the  vaccines  are  injected  behind 
the  aliouldei-s,  wimre  tlie  skin  is  thinnest.  In  the  horse  the  iiyections 
must  be  made  on  the  sides  of  the  neck  and  shoulders,  in  large 
mammals  double  the  amount  (^th  of  a  cc.)  of  each  vaccine  is 
injected. 

The  tubes  of  vaccine,  once  opened,  should  not  be  employed  a 
second  time.    Care  must  be  taken  to  use  tlie  whole  of  their  conten 
at  one  series  of  vaccinations. 

The  vaccinal  injections  produce  tumetaction  at  the  jioint 
inoculation  and  are  followed  by  a  slight  rise  of  temperature.  But 
these  symptoms  are  of  little  importance  ;uul  soon  disappear.  Serioxui 
complications  and  fatal  results  from  the  vaccinations  are  very  rare. 

>  J,  Mt'ud«z,  Anal.  d.  Circ.  M«d.  Argent.,  Buenos  Aires,  1901,  t.  xxrr,  Nos.  6, 6. 

'  On  the  incttiodg  of  raccinntion  against  anthrax  see  Chain berlund,  "  Le  charliol 

Ct  la  vacciuatiun  cliarbouutïusc,"  Paris,  1883. 
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e  loss  due  to  these  accidents   is  estirimtal  at  one-half  per  cenL 

slicep  uud  a  quarter  per  cent  in  tlie  Buvidae. 

The  refractory  condition  resulting  from  the  vaccination  requires 
for  it»  development  ti  jHsriod  of  about  a  fortnight  The  immunity  is 
then  very  bubstantial  and  lasts  for  a  fairly  long  time.  According  to 
C'huaiberland  60*/*  of  the  sheep  retain  their  immunity  a  year  after 
they  have  been  vaccinated.  But  as  a  great  number  of  animals 
en  become  susceptible,  it  is  usual  to  revaccinate  annually. 

According  to  the  statistics  furnished  by  the  vaccine  ilejHirtment 
of  the  Pasteur  In.>ititute  there  have  been  vaccinated,  up  to  tlie  Ist 
of  January  1900,  a  totiil  of  4,i)7 1,494  sheep,  and  708,9bU  cattle. 
Abroad  the  corresponding  figures  are  3,U3I,948  and  1,869,445.  Alto- 
gether, the  number  of  animals}  \'accinated  amounted  to  11,3«1,«67, 
f  which  3,G26,-JU6  have  been  treated  with  tlie  vaccine  furnished  by 
e  Budapest  Laboratory. 

The  results  of  the  anti-anthrax  vaccinations  were  found  to  be  so 
favounil»le  that  it  was  unnecessary  to  introduce  any  improvements 
in  technique.  Attempts  have  certainly  been  made  to  prepare  anti- 
anthrax  serums,  and  these  have  been  successful,  but  up  to  the  present 
such  sentms  have  not  been  introduced  into  priictice. 
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VI.  Vacrinothns  agnlnst  gijmptonudic  anthrax.  Symptomatic 
anthrax,  which  is  often  confounded  with  true  anthrax,  is  set  up,  as 
demonstrated  by  Arloing,  Coruevin,  and  Thomas,  by  a  specific  anae- 
robic micro-organism  to  which  has  been  given  the  name  of  BacUluê 
cJiaueaeL  Immediately  after  the  discovery  of  the  attenuation  of[494] 
Tiruses  and  of  vaccines  against  fowl  cholera,  the  three  observera 
above  mentioned  tried  to  apply  it  to  symptomatic  anthrax.  Finally 
they  devised  a  method  which  was  soon  adopted  in  practice,  and 
irhich,  for  nearly  twenty  years,  has  been  used  iu  the  vaccination  of 
the  Bovidae  in  countries  where  symptomatic  anthrax  is  most  preva- 
lent This  is  especially  the  case  in  mountainous  districts,  such  as 
Switzerland,  the  Rivarian  ^Vlps,  the  Dauphiné,  L'Auvergi»e,  etc. 

Arloing,  Coruevin,  and  Thomas^  prepare  two  vaccines  against 
symptomatic  anthrax  by  a  method  very  different  fh)m  that  used  in 
tlie  preparation  of  tiie  Pasteurian  anti-anthrax  vaccines.  They  take 
the  virus  from  the  muscles  invaded  by  the  micro-organism  ;  they 
tritunite  a  piece  of  the  tumefied  muscle  in  a  mortar,  adding  to  it  a  few 


»  "^  Le  charbon  bactérien,"  Pari»,  1S8.1;  2»  édition,  1897 
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drops  of  water.  The  mixture  is  filtered  through  muslin  and  the  fluid 
dried  at  37°  C;  a  virulent  brown  powder  is  thus  obtiiincd.  In  the 
pre()aration  of  the  vaccines  a  portion  of  this  powder  is  mixed  with 
water  and  subjected  to  a  temperature  of  100° — 104°  C.  for  seven 
hours.  Another  portion  is  heated  during  the  same  number  of  hours 
to  90° — 94°  C.  only.  This  latter  forms  the  second  vaccine  whilst  the 
first  portion  constitutes  tlie  first 

In  [)ractice  the  two  vaccinal  powders  are  dissolved  in  cooled  boiled 
water  and  are  introduced  into  tlie  subcutaneous  tissue  of  the  animals 
that  it  is  wished  to  immunise.  The  second  vaccijje  should  be  injected 
8  to  12  days  after  the  fii-st.  The  vaccines  are  usually  tolerated  very 
well  by  the  Bovidae  and  confer  upon  them  a  definite  and  permanent  | 
immunity.  In  sjiite  of  ccrttiiii  dniwbacks  this  raetliod,  known  as  the 
"Lyons  mttliod,"  has  proved  to  be  a  very  serviceable  one  and  is 
retained  as  the  best  devisetl  up  to  the  present.  Its  efficacy 
proved  by  the  fact  that  in  the  period  from  1804  to  1895  in  400,000 
vaccinated  animals  the  mortality  has  only  been  1  per  1.000.  Arloing, 
Comevin,  and  Tliomas  thouglkt  that  raising  the  virus  to  a  high 
temiDcrature  brought  about  a  real  attenuation. 

Leclaiuche  and  Vallée  ^  who  have  recently  returned  to  the  study] 
of  this  question,  have  shown  that  this  view  cannot  be  maintiiined.| 
[495]  In  reality  the  spores,  after  being  heated  to  90° — 104'C.,  gave  rise  to 
bacilli  endowed  with  their  normal  and  complete  virulence.    But  the 
heating  in  the  preparation  of  the  Lyons  vaccines  destroys  the  toxin 
manufactured   by  the   Barifhts  ehavvaei,   with  tlie  result,  that  the 
spores  now  become  the  prey  of  phagocytes  :  it  is  for  this  reason  and 
for  this  reason  alone  that  the  inoculation  of  these  vaccines  is  so  'well 
tolerated.     All  the  spores  of  the  vaccinal  powder  are  not  eaten  by  thoJ 
phagocytes  :  those  which  are  found  in  the  centre  of  solid  particlea' 
of  the  powder  offer  a  prolonged  resistance  to  the  action  of  the  cells, 
and  some  of  them  germinating  produce  bacilli  and  give  rise  to  a  milt 
disease  capable  of  conlcrring  immunity.    The  germination  of  thes 
spores    is    further  facilitated    by  the   presence    of  foreign    micr 
organisms  in  the  vaccinal  jwwders  ;  these  organisms  help  to  interfere 
with  the  phagocytosis  of  the  spore*  of  symptomatic  anthrax. 

In  the  course  of  their  researches,  Leclainche  and  Vallée  demon- 
strated tliat  it  is  easy  to  vaccinate  animals  susceptible  to  anthrax 
and  to  confer  on  them  a  substantial  immunity  by  means  of  a  single 
protective  injection  of  a  pure  culture  of  Bacillus  chauvacL    For  this 
*■  Ann.  de  i'lntt.  Patteur,  Paris,  1900,  t  xiv,  pp.  202,  613. 
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purpose  they  nse  cultures  jçrown  in  broth  made  from  the  pig's  etomach 
(."bouillon  de  panse"  or  Martin's  broth)  which  they  heat  for  2  hours 
at  70°  C.  The  cultures,  so  treated  and  injected  in  quantities  of 
1  to  2c.c.  into  Bovidae,  induce  in  tiiem  an  immediate  immunity. 
These  authors  are  persuaded  tirat  the  vaccination  by  this  ntethod 
might  be  used  on  a  large  scale  with  certain  advantîiges  over  the 
method  at  present  in  use.  A  single  injection,  instead  of  two,  involves 
a  great  economy,  and  the  iiyection  of  pure  vaccinal  cultures  obviates 
the  accidents  caused  by  the  foreign  organisms  which  are  found  mixed 
with  the  Lyons  vaccine. 

On  the  other  hand,  Leclainche  and  Vallëe  think  that  vaccination 
by  serums  has  no  future  in  the  fight  against  symptomatic  antlirax 
and  should  only  1)6  used  in  exceptional  cases. 

It  is  evident  that  the  Lyons  method  is  capable  of  being- improved 
and  some  day  may  be  replaced  by  another.  Still  it  nuist  be  remem- 
Ix'red  that  it  has  already  preserved  a  very  gi'cat  number  of  animals 
from  certain  deatli  by  symptomatic  anthrax. 

VII.  Vftrcinntions  against  stcine  erysipelas.  Swine  erysipelas  is 
a  disease  widely  distributed  in  nearly  all  countries  where  the  breeding 
of  pigs  is  carried  on  on  a  large  scale.  It  is  a  very  fatal  disease,  and  it  is 
estinuited  that  in  France  alone  at  least  100,000  pigs  of  the  value  of 
more  than  five  million  francs  succumb  to  it  annually.  Unfortunately  [490] 
swine  erysipelas  is  often  confounded  by  breeders  with  other  epizootic 
diseases,  especially  pncumo-enteritis  of  the  pig.  This  confusion  has 
often  resulted  in  large  losses  to  agriculture. 

Soon  after  the  vaccinations  against  antlirax  became  a  part  of 
veterinary  practice,  Pjisteur',  assisted  by  Tliuillier,  took  up  the  study 
of  swine  erysipelas  which  was  causing  great  ravages  in  the  department 
of  Vaucluse.  Tliey  were  not  long  in  discovering  that  the  true  cause 
of  the  disease  was  a  very  small  bacillus  capable  of  growing  in  pure 
culture  in  nutrient  broth.  Guided  by  bis  former .  investigations, 
Pasteur  with  his  collaborator  undertook  minute  researches  into  tiio 
reinforcement  and  attenuation  of  the  virulence  of  the  bacillus  of  swine 
erysipelas  which  led  them  to  the  elaboration  of  a  method  of  vaccina- 
tion capable  of  conferring  on  pigs  a  high  de;:rec  of  protection  ag:iinst 
the  disease.  Following  the  line  of  the  anthmx  vaccinations,  Pasteur 
and  Tliuillier  prepared  two  vaccines  against  tiie  erysipelas,  the  first 
more  attenuated  than  the  second.  Tiie  bacilli  of  these  two  vuccined 
'  Compl.  rend.  Acad,  d.  tc,  Paris,  IS83,  t  xovii,  p.  1163. 
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M-ere  cultivated  in  broth  iiiul  sent  out  in  tulies  nimilar  to  those 
ployed  in  the  distribution  of  tlte  anthrax  vaccines. 

The  vaccines  are  in  themselves  innocuous  and  arc  capable  of 
communicating  to  the  inoculated  pig  an  immunity  sufficiently  dunible 
to  be  of  real  service.  Young  pigs  being  less  stisceptible  to  the 
erysipelas  than  are  the  adults,  it  is  generally  preferred  to  vaccinai 
young  pigs  of  from  two  to  four  months.  The  vaccination  is  done  at 
two  8e[>arate  times.  The  first  vaccine,  in  a  dose  of  one-eighth  of  a  cubic 
centimetre,  is  inoculated  subcutaneously  on  the  inner  aspect  of  the 
right  thigh  ;  the  second  vaccine  is  inoculated  in  the  same  way,  12  or 
15  days  later,  into  the  left  thigh.  The  immunity  that  follows  these 
vaccinations  is  not  fully  established  until  the  end  of  the  second  week. 

In  spite  of  the  many  advantages  of  the  Pasteurian  method  the 
vaccinatiuus  against  swine  erysipelajs  have  not  spread  so  much  as 
one  might  have  expected  ;  and  they  have  found  a  general  applica- 
tion abroad  rather  than  in  France.  It  is  only  necessarj'  to  cast  a 
glance  at  the  statistics  to  be  convinced  of  this.  From  the  date  of 
the  introduction  of  the  Pasteurian  vaccinations  in  1804  up  to  the 
Ist  January,  19(10,  there  had  been  vaccinated  iu  France  in  all  428,746 
pigs,  whilst  abroad,  where  the  vaccinations  were  introduced  some 
[497]  years  later,  the  number  of  pig^i  vaccinated  was  4,819,38".  Of  this 
number  the  great  majority  (4,194,191)  had  been  treated  in  Hungaryi 
The  losses  amongst  the  vaccinated  animals  were  insignificant  (1"68*/,)' 
M'hen  compared  with  an  average  mortality  of  20  "/a  amongst  un- 
vaccinated  pigs. 

This  limited  extension  of  the  vaccination  of  pigs  in  France  arises 
from  various  causes.  In  many  countries  the  bree<ling  is  on  too  small 
a  scale  to  allow  of  the  intervention  of  the  veterinarian  and  of  the 
expenses  which  the  vaccinations  involve.  On  the  other  hand,  it 
cannot  be  denied  that  the  Pasteurian  method  presents  certain  draw- 
backs in  practice.  The  living,  although  attenuated,  bacilli  introduce<l 
may  sometimes  serve  as  centres  of  infection,  especially  in  cases,  rare 
no  doubt,  where  the  vaccinated  animal  contracts  a  chronic  form  of  the 
disease.  The  Pasteurian  vaccines  must,  therefore,  be  avoided  in  dis- 
tricts where  the  erysipelas  has  not  yet  appeared.  Tlieir  application 
in  countries  already  infected  presents  the  further  drawback  that  the 
immunity  requires  for  its  establishment  a  fairly  long  time,  sufiiciently 
long  to  permit  the  micro-organism  to  kill  a  large  number  of  pig» 
before  the  vaccines  iiave  conferred  any  immunity  upon  them. 

It  is  natural  tliat,  under  âucb  conditions,  an  attempt  has  been 
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made  to  replace  the  Pasteurian  mettiofl  by  some  other  method  less 
risky.  Hence,  since  the  discovery  of  the  principle  of  sero-tlicrapy 
several  investigators  have  songht  to  apply  it  to  swine  erysipelas. 
Emmerich  an<l  Mastbaum^  were  the  first  to  demonstrate  that  the 
blood  of  rabbits,  immunised  with  the  bacilli  of  this  disease,  acquire 
a  very  marked  protective  power.  They  liave  even  attempted  to  con- 
struct from  tlie  results  of  their  researches  methods  whicl»  might  be 
applied  practically.  It  is  especially  however  to  Lorenz*,  a  Darmstadt 
veterinarian,  that  we  owe  the  first  practical  application  of  this  method. 
He  prepared  protective  serums  by  iiyecting  erysipelas  bacilli  into 
rabbits  and  pigs,  and  demonstrated  that  the  inoculation  of  these 
serums,  when  combined  with  that  of  the  living  bacilli,  conferred  ujvon 
pigs  a  sufficient  immunity  and  one  that  was  set  up  immediately  after 
the  intro<luction  of  the  serum.  According  to  Lorcnz';*  methud  it  is  first 
necessary  to  give  a  protective  injection  of  serum  ;  some  days  (3 — 5) 
afterwards  tliis  is  followed  by  an  inoculation  of  living  bacilli  coming 
from  the  attenuated  erysipelas  known  in  Germany  under  the  name  of  [493] 
"  Backsteinblatteru.'  About  two  weeks  later  a  further  injection  of 
the  same  bacilli,  but  in  double  quantity,  is  given.  This  method,  there- 
fore, involves  three  vaccinal  injections  as  against  two  in  the  Pasteurian 
method.  It  is  consequently  dearer  than  the  latter,  but,  as  it  presents 
certain  undeniable  advantages,  an  attempt  was  made  to  introduce 
it  into  veterinary  practice.  But  being  much  more  conipliwite»!  en- 
deiivours  were  made  to  simplify  it.  Voges  and  Schiit/,  by  methods 
which  have  remained  secret,  soon  obtained  a  more  active  serum, 
and  finally  Leclainche'  of  Tuulotise,  after  demonstrating  that  the 
horse  is  the  best  animal  fur  the  production  of  a  very  active  serum, 
succeeded  in  devising  a  melliod  of  vaccination  as  simple  as  it  was 
effective.  He  gave  to  it  the  name  of  "  serum-vaccinations."  The  first 
inoculation  is  made  with  a  mixture  of  specific  serum  and  a  culture  of 
living  and  virulent  bacilli.  This  inoculation  is  well  borne  by  all  pigs 
and  may  be  made  without  any  regard  to  the  age  of  the  animal  The 
immunity  is  set  up  immediately  after  the  injection  of  the  mi.\ture,  but 
it  is  not  sufficiently  durable  for  the  requirements  of  practice.  For 
tbb  reason  Leclaiuche  followed  up  the  first  injection  by  a  second,  which 

*  Arcit./.  Uyrj-,  Mûnchen  u.  Leipiig,  1891,  Btl.  xn,  8.  275. 

»  DeuiKhtlhifrdrsil.  Wchuechr.,  Karlsruhe.  1893,  Bd.  i.SS.  41,85  ;  Ctfw^ro/W./ 
BakUriol.  u.  Parafitenk.,  Jena,  1893,  Bd.  xiri,  8, 357  ;  Deutëdie Zlêchr.f.  Thitrmtd.. 
Leipzig,  1894,  B<1.  xi.  S.  1. 

'  Rtv,  vcL,  Toulouse,  1900,  t  LVn,  p.  346. 
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is  made  ten  to  twelve  days  later  and  consists  of  an  inoculation  of  half 
a  cubic  centimetre  of  pure  virus.  Tliis  new  method  had  the  special 
advantage  of  arresting,  almost  immediately,  the  mortality  in  an  in- 
fected piggery  and  of  eliminating  the  clironic  cases  that  are  some- 
times observed  after  the  Pasteurian  vaccinations. 

Leclainche'  has  already  applied  his  method  of  serum  vaccinations 
to  more  than  five  million  pi^s  of  all  ages.  "  It  has  been  found  to  be 
constant  in  its  effect  and  absohitely  innocuous,"  and  "not  a  single 
case  of  erysijielas  has  been  met  with  in  pigs  that  had  received  the  two 
vaccines,"  and  Leclainche  hopes  that  liis  method  will  soon  come  into 
general  practice,  and  tliat  it  will  be  utilised  in  all  cases  where  the 
Pasteurian  method  is  found  to  be  insufficient. 

As  the  basis  of  all  the  new  methods  for  vaccinating  piga  against 
erysipelas  is  the  preparation  of  senmis  capable  of  preventing  the 
pathogein'c  effect  of  the  Uicilli,  the  question  of  the  determination  of 
the  protective  power  of  these  serums  comes  to  be  one  of  considerable 
importance.  At  first  one  Avas  satisfied  with  certain  approximate 
[iss]  estimations,  but  later  the  necessity  was  felt  of  having  a  more  exact 
measurement.  Leclainche  is  persuaded  that  of  all  the  laboratory 
animals  capable  of  being  used  for  tl»e.<*e  experiments  the  pigeon  is  the 
only  one  tliat  can  usefully  fulfil  tins  r&Ie  ;  very  susceptible  to  the 
passage  virus,  it  is  killed  by  the  bacilhis  after  a  regular  incubation 
and  invasion  period,  and  the  chronic  form  of  the  erysipelas,  so 
troublesome  in  tlie  rabbit  and  even  in  the  pig,  is  met  with  in  the 
pigeon  in  very  exceptional  cases  only.  Leclainche  commenced  his 
experiments  by  inoculating  into  the  pectoral  muscles  of  the  pigeon 
mixtures  of  serum  and  virulent  cultures.  The  pigeon  receivetl  1  c,c 
of  a  culture  of  a  passage  virus  mixed  with  variable  quantities  of 
serum.  The  serum  is  reatly  for  use  in  the  vaccination  of  pigs  when 
the  jngeons  resist  the  injection  of  a  mixture  of  ^  a  c.c.  of  senun  with 
1  cc.  of  a  virus  which  kills  the  control  pigeons  in  60  to  72  hours. 

At  the  Fi"ankft»rt  Institute  of  Experimental  Tfierapeutica  another 
method  of  testing  deviseil  by  Marx^  is  used.  In  it  injections,  below 
the  skin  of  a  series  of  grey  mice,  are  made  of  progressively  increasing 
doses  of  the  serum  the  strength  of  which  it  is  desired  to  determine. 
Twenty-four  hours  later  a  virulent  culture  of  the  bacillus  of  swine 
erysipelas  is  introduced  into  the  jyeritoneal  cavity  of  the  same  mice. 
The  virus  is  so  chosen  that  the  control  mice  die  in  about  72  hours. 

>  Rev.  réU.,  Toulouse,  19(H,  t  lvui,  p.  149. 

*  Deuttche  thierdrztl.  Wc/nisc/ir.,  Karlsruhe,  1901,  No.  6. 
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ïârx  finds  that  tin's  mutho<l  pivee  results  which  are  much  more 
constant  and  exact  than  any  other  ;  this  opinion  is  couiirmed  at 
HiJch^t,  the  largest  factory  of  serums  in  Germany. 


re 

ce 


VIII.  VaccinatiaM  against  bovine  pleuropneumonia.  This  in- 
fective disease  is  one  of  the  most  dreaded  scoui-ges  of  bovine  animals. 
Very  contagious,  it  has  spread  from  central  Europe  not  only  into  all 
the  other  countries  of  the  European  continent,  but  into  Africa, 
America,  and  almost  every  quarter  of  the  globe.  The  virus  of  this 
diseaiie  wsis  discovered  in  the  serous  exudation  of  heijatised  lungs 
long  before  the  microbiological  period  of  the  Medical  Sciences  bad 
begun. 

Dr  VVillenis  of  Harst'lt,  who  made  an  experimental  investigation, 
nmrkable  for  the  time  at  wltich  it  was  carrieil  out  (more  than  half  a 
iiceutury  ago),  demonstrated  at  once  the  great  virulence  of  tiie  pul- 
monary serous  fluid  ;  he  found  also  that  the  eflects  of  the  inoculation 
of  the  virus  varietl  much  according  to  the  seat  of  inoculation.  When  [500] 
made  into  the  trunk,  the  neck,  or  the  slioiildei's,  the  inoculations  are 
usually  fatal  ;  at  the  periphery,  the  lower  pait  of  the  limbs,  at  the 
extremity  of  the  ears  or  of  the  tail,  the  inoculation  ordinarily  pro- 
duces merely  an  inflammatory  tumefaction  of  small  extent,  which  is 
absorbed  in  a  few  weeks  ;  after  this  the  animal  is  refractory  to  the 
natural  disease.  Willems  concluded  from  this  that  we  may  vaccinate 
against  pleuropneumonia  by  inoculating  the  virulent  serous  fluid  of 
the  lung  into  the  tail  Willems'  method  of  inoculation  became  a  part 
of  current  practice  50  years  ago. 

For  the  carrying  out  of  a  large  number  of  vaccinations  it  is 
necessary  to  have  at  one's  disposal  an  ailec^uate  quantity  of  virus  ; 
it  was  therefore  to  meet  this  requirement  that  researches  were  first 
carried  out.  The  serous  fluid  was  withdrawTi  from  the  bepatised 
lungs  of  animals  that  had  succumbed  to  the  disease  and  was  inocu- 
lated into  normal  Bovidae  as  soon  as  possible,  so  as  to  avoid  con- 
tamination of  the  fluid.  In  fact  this  pulmonary  serous  fluid  often 
contains  foreign  germs  capable  of  multiplying  rapidly  so  that  it  putre- 
fies very  quickly.  Pasteur  8howe<l  that  it  was  possible  to  remedy 
these  dmwbacks  by  a  veiy  simple  method  by  which  he  couM  obtain 
a  large  quantity  of  rigorously  pure  virus.  All  that  is  necessary  is  to 
inoculate  a  little  of  the  plcuropneumonic  virus  below  the  skin  of  a 
weaned  calf,  behind  tlie  shoulder.  At  the  seat  of  inoculation  there 
is  an  abundant  exudation  of  virulent  serous  fluid  into  the  cellular 
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tiiFisue^  from  which   we  are  enabled  to  collect  large  quantities  of 
pure  virus. 

In  Bome  countries,  as  in  Germany  and  in  Australia,  institutiona 
have  been  founded  for  the  production  by  this  method  of  the  virulent 
serous  fluid  necessary  fur  tliese  inoculations. 

The  virus  should  be  inoculated  into  the  tip  of  the  tail  of  animals 
that  it  is  desired  to  iuimuui.se,  because  the  temperature  in  this  situa- 
tion is  relatively  low  and  the  connective  tissue  is  dense  and  not  very 
abundant  The  inoculation  is  made  with  a  lancet  or  a  Pravaz  syringe. 
The  vaccination  is  generally  bonie  well,  in  spite  of  the  reaction 
phenomena  wliich  are  manifested  about  two  weeks  after  the  intro- 
duction of  the  vii-us.  At  that  time  a  febrile  condition  is  set  up  and 
a  swelling  manifests  itself  at  the  point  of  inoculation,  which,  however, 
soon  retrogresses  and  then  disappears. 

The  immunity  conferred  by  Willems'  method  is  substantial  and 

lasting  (for  one  or  two  years  and  even  longer)  ;  this  explaitis  its  great 

success  in  the  hands  of  breeders  and  veterinarians.     Accidents  fol- 

[501]  lowing  its  use  are  rare,  and  the  mortality  does  not  exceed  1  i»er  cent 

In  spite  of  all  these  advantages  a  new  method  was  still  desirable, 
a  method  which  would  allow  of  the  preparation  of  large  quantities 
of  virus  of  a  suitable  and  uniform  activity  under  conditions  of  irre- 
proachable purity.  Thanks  to  the  discovery  of  the  micro-organism 
of  pleuropneumonia  wliich  we  owe  to  Nocard  and  Roux^  this  object 
has  been  achieved.  With  the  collalx)ration  of  Borrel,  Salimbeni,  and 
Dujartlin-Iietiuraetz,  they  succeeded  in  demonstrating  and  isolating 
this  micro-organism,  the  smallest  of  all  known  living  organisms.  The 
first  steps  in  tliese  researches  were  very  laborious,  but  later  the 
organism  of  i>leurupneumonia  was  cultivated  on  fluid  and  solid  media: 
Martin's  broth  (prepared  with  pigs'  stomachs)  or  agar  with  the 
addition  of  a  certain  quantity  (about  5°/»)  of  fresh  ox  serum.  The 
seiiun-brotli,  sown  witii  pure  pneumonic  serous  fluid,  gives  only  a 
moderate  growth,  which  becomes  only  slightly  turbid  and  contains 
micro-organisms  so  small  that  it  is  impossible  to  distinguish  them 
individually.  They  can  be  made  out  only  when  massed  together  in 
irregular  clumps.  The  miiuiteness  of  this  micro-organism  is  endenced 
by  the  ease  with  which  it  passes  through  a  Bcrkefeld  filter,  and  even 
through  certiiin  Chamberland  candles  (F).    This  feature  enables  us  to 

'  Ann.  de  ClniiL  Panteiir,  Pari»,  18!t><,  t  xii,  p.  240;  Cinquante»,  d.  I.  if>-K.  d. 
biol..  Paria,  18i>9,  p.  440;  UiyurdiuBeuumetz,  "Le  microbe  do  la  péripueumonie," 
Tbèae  d«  Turi»,  1900. 
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obtain  the  pure  virus  cui^ily,  a  fact  very  important  in  connection  with 
the  isolation  of  tiie  micru-organisni. 

tOnce  in  possession  of  pure  cultures  of  tlie  micro-organism  of  pleuro- 
neunionia,  Nocard  and  Roux  attemjïtetl  to  malce  use  of  it  in  practical 
accination.  They  showeil  that  the  organism  separated  by  them  is 
apable  of  producing  typical  pleuropneimjonia  when  it  is  inoculated 
into  the  appropiiate  regions  of  the  body  of  bovine  animals.  But 
wlien  inoculated  subcutaneously  or  into  the  sliin  of  the  tail,  it 
produces  merely  a  mild  and  transient  disease  which  confers  an 
immunity  quite  as  effectual  as  that  set  np  by  the  inoculation  of  the 
virulent  sctous  fluid.  It  may  be  readily  understood  that,  under  these 
conditions,  pure  cultures  may  be  much  more  servicoably  em])loyed  in 
the  practice  of  vaccination  than  c;ui  Willenis'  virus  from  the  fact  that 
it  is  easy  to  obtain  large  quantities  of  absolutely  pure  cultures.  It  is 
easy  to  predict  that  the  new  metliod  ynll  soon  replace  the  old  one, 
very  great  as  are  the  services  the  latter  has  rendered  to  agriculture.  [502] 
Up  to  the  pi*e8ent,  vaccinations  with  pure  cultures  have  been  made  in 
several  districts  in  France  with  very  favourable  results.  The  Pasteur 
Institute  and  the  Veterinary  School  at  Alfort  have  already  distributed 
to  veterinary  surgeons  more  tlian  5,000  vaccinal  doses  of  culture  ;  the 
protective  action  of  these  inoculations  has  been  at  least  eqiuU  to  that 
of  the  inoculations  by  Willcms'  method  and  tiie  resulting  accidents 
have  been  reduced  in  the  proportion  of  20  to  1  \ 

The  serum  of  animals  hyperimmunised  against  pleuropneumonia 
possesses  a  very  distinct  protective  action,  but  too  little  marked  and 
of  too  short  duration  to  be  of  any  use  in  practice  ;  it  has  also  a 
curative,  action  arresting  the  invading  march  of  a  pleuropneumonic 

P congestion  ;  but  here  it  ia  necessary  to  intervene  early,  before  the 
appearance  of  fever,  and  to  inject  large  quantities  of  serum. 

The  inoculation  of  a  mixture  of  virus  and  serum  produces  no 
^Hlongeetion  ;  but  it  does  not  confer  any  immunity  ;  the  animal  remains 
HpwAos  susce[*tible  as  the  control  to  the  inoculation  of  the  pure  virus. 

IX.  Yaccinatioits  against  ty/)hoid  fcvtr.  In  the  preceding 
sections  I  have  treated  more  especially  of  the  vaccination  of  domestic 
animals  against  several  infective  discuses.    The  information  collected 


P     *  In  1884,  in  the  Department  of  the  Bobsm- P vrcnéea,  the  Willcms' method  of 
imtculiitiim  wsis  earned  out  ou  1354  Boviiluc  ;  of  thi^  uuiiibor  10  died  und  45  lost 
,tbeir  tails  completely.     In   1901,   in   the  same   department,  280U   Boridae   were 
Bolattfd  with  pure  callures,  only  1  died  and  9  lout  their  UitU- 
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on  this  subject  is  marked  by  its  great  exactness,  as  it  is  easy  t 
to  auimals  the  most  rigorous  experimental  method.    In  tiic  case  of 
the  hiimau  subject  this  is  not  such  an  easy  matter.  As  it  is  impossible 
to  submit  liim  to  experimental  proof  we  are  obliged  to  be  satisfied 
Mith  observation,  controlled  by  statistical  data.    The  experience  of^j 
more  than  1(JU  years  has,  however,  beeu  sufficient  to  demonstrate  the^H 
great  utility  of  vaccinations  against  small-pox  with  the  virus  of  cow- 
pox  which  is  innocuous  for  the  humim  subject.   In  the  case  of  antii-abic 
vaccinations  we  have  to  deal  with  injections  into  the  human  subject, 
first  of  weakened  viruses  and  then  of  virulent  viruses.    Here,  how- 
ever, it  is  a  question  of  the  preservation  of  the  already  infected  human 
organism,  which,  very  often,  only  comes  under  treatment  during  the 
incubation  stage  of  rabies.    One  can  readily  underfttand  the  hesitatioit 
to  inoculate  even  weakened  viruses  into  the  human  subject,  csjiccially 
[503]  when  we  are  not  dealing  with  altogether  exceptional  cases  such 
we  have  iu  the  i)rotectiou  against  rabies.     We  have,  therefore,  but  few 
examples  in  which  the  methods  of  vaccination  by  micro  organisms 
have  been  apiilied  to  man.  Such  Injections  were  first  tried  by  Ferraa 
against  Asiatic  cholera.    Having  succeeded  iu  vaccinating  guinea-pigs 
against  experimental  cholera  septicaemia,  the  Spanish  investigator 
attempted  to  inoculate  cholera  vibrios  into  tlie  subcutaneous  tissue  ol 
man,  lioping  thus  to  vaccinate  him  against  true  cholera.    In  this  wa; 
he  was  able  to  demonstrate  that  tlie  subcutaneous  iujectioD  of  living 
vibrios  never  sets  up  symptoms  of  cholei-a.    The  injection  is  followed 
by  a  genenil  reaction  in  the  fortu  of  fever,  pains  iu  the  back  an(: 
inflammation  at  the  point  of  inoculation,  in  a  word,  transient  phenomei 
of  little  gravity.    Eucourageil  by  these  initial  results  Ferran,  profitin 
by  the  outbreak  of  cholera  in  the  province  of  Valentia,  injected  into 
more  than  20,iJ00  persons  living  cultures  of  Koch's  vibrio.   The  results 
publislied  by  him  lUd  not,  however,  furnish  any  real  proof  of  the 
possibility  of  conferring  immunity  against  intestinal  cholera  by  mean 
of  subcutaneous  injections,    I^ater  Hafl'kine-  modified  Ferran's  primi- 
tive method  somewhat,  and  instead  of  living  vibrios  he  injected 
vibrionic  cultures  killed  by  heat  or  by  antiseptica    During  the  cholci 
epidemic  of  1B92  and  liJii.'i  he  tried  the  inoculation  of  these  killed 
vibrios   into   man,   with   tlie   object  of  vaccinatiug   against  Asiatic 

*  "L'inoculation  préventive  contre  le  choléra  niorbiu  asiatique"  (translated  fron 
the  SpanJKh),  Paria,  IS93. 

-  ^  Anti-cholcra  Inoculations  in  India,"  Indian  Med.  Oaz.,  Calcutta,  lt»95,  Moi , 
[Also  Ripurl  to  tbe  Guv.  of  India,  Calcutta,  1895.] 
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Later  he  went  to  Calcuttii  iu  order  to  try  Ins  method  on  a  large 
scale.  He  was  there  eiiiibled  to  inoculate  a  great  number  of  persoua, 
and  the  statistics  which  he  collected  appeared  to  him  to  be  favourable. 

But  studies  on  the  pathogenesis  of  Asiatic  cholera  shook  the 
foundations  of  Fcrran's  method.  The  injections  of  vibrios,  living  or 
killed,  were  found  quite  capable  of  vaccinating  animals  against 
vibrionic  |)eritouiti8  and  septicaemia,  but  they  appear  to  exert  no 
influence  whatever  against  poisoning  by  tlie  cholera  toxin.  When 
it  had  been  learnt  how  to  set  up  true  intestinal  cholera  in  young 
rabbits  Ferran's  and  other  similar  methods  of  vaccination  were  iised 
in  vain  to  prevent  the  incidence  of  this  disease,  which  is  very  similar 
to  Asiatic  cholera  of  man.  An  exiieriment^  ma<le  at  the  Pasteur 
Institute  in  Paris  upon  two  persons  vaccinated  by  Iliiflkine,  showed  [r,04] 
that  they  were  not  protected  against  the  choleriform  diarrhoea  set 
up  by  the  ingestion  of  the  cholera  vibrios.  A  thlnl  person,  who 
had  never  been  "  vaccinated  '  and  who  served  as  "  conti'ol,"  after  the 
ingestion  of  the  same  cholera  ciUture,  behaved  exactly  as  did  the 
other  two. 

From  all  these  data  the  conclusion  was  drawn  that  in  order  to 
prevent  intestinal  cholera  it  is  necessary  to  use  not  cultures  of 
vibrios,  living  or  dead,  but  antitoxic  serums.  In  fact,  the  majority 
of  young  rabbits  vaccinated  with  these  serums  and  afterwards  sub- 
mittetl  to  infection  by  the  cholera  virus  through  the  mouth  were 
found  to  be  vaccinated  against  intestinal  cholera.  It  has  not  been 
possible,  as  yet,  to  apply  this  method  to  man,  hence  we  are  unable 
to  give  a  decided  ofHuiou.  Moreover,  as  the  methods  based  on 
Ferran's  principle  have  now  been  abandoned  I  have  not  deemed 
it  necessary  to  devote  a  special  section  to  anticholcra  vaccinations. 
I  could  not,  however,  pass  it  by  in  silence,  shice  the  attempts  to 
vaccinate  man  against  cholera  have  led  to  the  trial  of  a  similar 
method  against  typhoid  fever. 

PfeiflFer  and  Kolle"  were  the  first  to  inoculate  man  with  typhoid 
coccobacilli  sterilised  by  heat.  They  observed  that  these  injections 
caused  fever,  pretty  violent  pains  in  the  back  accompanied  by  vertigo, 
shivering  and  pain  at  the  jwint  of  inoculation,  without,  however,  being 
in  any  way  serious  to  health.  At  the  same  time  they  found  that  the 
blowl  serum  of  inoculated  persons  acquired  a  very  niurkeil  protective 
iwwer  (for  guinea-pigs  injected  into  the  peritoneal  cavity  with  lethal 

>  Ann.  de  t'lntt.  Pntteur,  Piiris.  1893,  t  vii.  p.  579. 
*  DeuUche  med.  Wchntchr.,  Leijui^',  1896,  S.  735. 
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doses  of  typlioid  cultures)  quite  comparable  to  the  propei 
discovered  by  tlieiii  in  tlie  serum  of  pereons  wlio  liivd  recovered  from 
typhoid  fever.  Pfeiffer  and  KoUe  believed  that  they  thus  had  a 
proof  of  the  refractory  condition  of  the  individuals  whom  they  had 
submitted  to  these  injections. 

These  exi)eriment8  were  continued  by  Wright,  Professor 
Pathology  at  Netley,  and  it  is  owing  to  his  unwearied  efforts  that 
science  finds  herself  in  possession  of  very  important  evidence  on  the 
subject  of  protective  inoculations  against  t)'phoid  fever  in  maa 
According  to  a  verbal  conmiuuication  raa<le  to  me  by  Wright,  he 
[505]  has  up  to  the  present  distributed  more  tliaii  ;iUO,000  doses  of  his 
antityphoid  vaccine.  This  vaccine  he  prepared  in  the  following  way'. 
The  tyjvhoid  coccobacilluK  is  sown  in  carefully  neutralised  broth 
contiiining  1  7o  of  pei>tone.  The  flasks  of  culture  are  kept  in  tl 
incubator  at  about  'Al'  C.  for  two  or  three  weeks,  after  which  th 
contents  are  tnuisfeired  to  large  flasks  in  order  to  be  submitted  to 
tempeniture  of  60' C  This  temperature  is  quite  sufficient  to  kill 
the  coccobacilli,  but  for  greater  surety  Wright  added  to  liis  cultures 
one-tenth  of  their  volume  of  a  5  "/„  sohition  of  carbolic  acid  or 
lysol.  The  vaccine,  thus  prepared,  is  examined  as  to  its  toxici 
for  the  guinea-pig  by  means  of  subcutaneous  injections.  Wrigl 
injects  into  man  a  dose  of  vaccine  which  is  sufficient  to  kill 
100  grammes  of  guinea-pig  (of  the  weight  of  250  to  300  grammes). 
This  dose  often  amounts  to  half  a  cubic  centimetre,  but  it  may 
have  to  be  increased  to  1  c.c.  and  even  1*5  c.c. 

The  inoctdations  are  made  below  the  skin  of  the  flank  or 
the  shoulder.  Tliey  are  followetl  by  a  rise  of  temperature  which 
commences  as  early  as  two  or  three  houi*s  after  the  injection.  This 
fever  is  accompanied  by  pains  in  the  back,  nausea,  and  want  of 
api»etite.  There  may  even  be  collapse  ;  this  led  Wright  to  keep  bis 
patient  in  bed  for  some  time  after  the  vaccinal  injection.  Besides 
this  reaction,  there  occurs,  at  the  seat  of  inoculation,  a  swelling  ani 
redness,  accompanied  by  pain  ;  as  a  rule  all  these  symptoms  ha 
disappeared  by  the  en<l  of  48  hours. 

Wriglit  convinced  himself  that  tl»e  blood  serum  of  individual? 
treated  by  his  vaccine,  at  the  end  of  a  certain  time  acquires  the 
property  of  agglutinating  typhoid  coccobacilli  in  a  variable,  but 
usually  very  marked  degree.     He  even  thought  that  this  property 

*  Wright  aud  Leishniau,  Bfit.  Afed.  Jaum.,  Loadu.a,  IDCW>,  Vol  I,  p.  122;  [Wrig-hl, 
"Â  short  treatise  uu  aali-trphuid  itiuculation,"  Louduu,  lti04\ 
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might  up  to  a  certain  point  serve  as  tlie  measure  of  the  îmmunit}- 
acquired  against  typhoid  fever.   His  own  researches,  however,  showed 
him  that  this  8ui)position  could  not  be  maiutiiined,  and  that  the 
agglutinative  power,  varying  greatly  in  strength,  might  sometimes  be 
absent  where  the  immunity  could  not  be  denied.     On  the  other  hand, 
he  clearly  showed,  especially  by  the  experiments  with  serum  collected 
at  the  period  which  precedes  the  relapses,  that  the  agglutinative 
property  might  be  highly  developed,  in  spite  of  the  absence  of  im- 
munity.    Wright  then  set  himself  to  study  the  bactericidal  property 
of  the  serum  of  individuals  who  had  been  injected  with  his  vaccine.  [506] 
He  devised  a  very  ingenious  method  of  gaining  with  a  minimum  loss 
of  time  some  idea  of  the  fluctuations  of  this  power  of  the  body  fluids 
kill  the  typhoid  coccobacillus.    In  the  first  place  he  demonstrated 
that  the  bactericidal  property  is  not  at  all  parîillel  to  the  agglutinative 
jwwer,  and  this  has  further  confirmed  him  in  his  opinion  that  there 
may  be  no  direct  relation  between  it  and  acquired  immunity.    He  has 
found  further  that  t!ie   power  of  the  blood  serum  to  destroy  the 
typlioid  coccobacillus  is  very  variable  in  persons  vaccinated  by  his 
method.    After  injections  of  large  quantities  of  these  killed  bacilli 
this  power  may  even  be  diminished  for  a  very  long  periotL    On  the 
other  hand,  medium  or  small  doses  of  the  vaccine  first  set  up  a 
negative  stage,  during  which  the  bactericidal  prctperty  is  very  feeble, 
and  later  they  bring  about  an  increase  of  this  property,  often  very 
marked.     Wright  does  not  think  that  the  bactericidal  power  can 
serve  as  the  measure  of  the  immunity  acquired  by  the  vaccinated 
iudividuide,  but  he  hopes  that  some  day  a  method  may  be  found 
suitable  for  the  examination  of  the  blood  which  will  give  us  informa- 
>D  as  to  the   degree  of  immunity  conferred   by  the  antityphoid 
"racciuation.    For  the  present  the  only  basis  upon  which  m'c  can  form 
any  opinion  on  this  subject  is  furnished  by  statistics.     Now  we  know 
that  it  is  often  very  difl5cult  to  collect  data  that  are  sufficiently  exact 
Hence  during  the  war  in  South  Africa,  where  one-fifth  of  the  English 
jlroops,   that    is    to  say  about   60,000   persons,   were  submitted   to 
iccinations  by  Wright's  method,  it  is  only  in  certjiin  cases  that  tlie 
itistical  information  can  be  utilised.     Many  of  the  patients  attacked 
)y  slight  fevers  are  omitted  from  the  statistics,  because  from  the 
absence  of  a  precise  diagnosis  it  is  not  known  whether  they  should 
come  under  the  «Uegory  of  typhoid  patients  or  not.     In  other  cases 
the  secondary  complications  divert  the  attention  of  the  doctors  and 
preveut  the  registration  of  a  proijcr  diagnosis. 
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of  the  data  collected  amongst  tlie  English  troops  in  South  Africa, 
Wright  considers  that  those  which  were  collected  during  the  siege 
of  Ladysmitli  were  the  most  exact,  on  account  of  the  facility  with 
which  it  was  possible  to  study  and  register  all  the  cases  of  typhoid 
fever  under  these  conditions  of  complete  isolation.  Now  it  has  been 
recognised  that,  amongst  the  vaccinated  soldiers  and  officers,  there 
occurred  scarcely  oue-eighth  as  many  Cciseâ  of  typhoid  fever  as 
occurred  amongst  the  unvacciuatcd  (1,409  cases  in  10,629  unvac- 
ciuatcd,  and  35  cases  in  1,705  vaccinated).  The  mortality  amongst 
[507]  the  vaccinated  was  also  very  much  lower.  The  difference  to  the 
credit  of  the  vaccinations  should  in  rciility  be  even  greater,  for 
amongst  the  unvaccinated  are  counted  many  persons  who  having 
already  had  an  attack  of  typhoid  fever  were  not  submitted  to 
vaccination. 

The  tcâtimouy  of  the  majority  of  the  medical  men  who  followed 
the  residts  of  Wright's  method  closely  is  also  favourable  to  tlie 
vaccinations.  Thus  Henry  Cay  ley  "  reports  that  the  staff  of  a  Scotch 
Hospital  of  the  lîed  Cross,  almost  all  of  whom  (57  persona  out  of  61) 
had  received  two  vaccinal  inociUations,  escaped  typhoid  fever,  in 
spite  of  tlie  numerous  opportunities  afforded  for  the  contraction 
of  tlie  disease.  This  very  favourable  example  is  also  instructive 
in  that  it  testifies  to  the  value  of  two  consecutive  vaccinations.  In 
many  other  cases  where  one  has  had  to  be  satisfied  mth  a  single 
protective  inoculation  the  results  were  less  brilliant  According  to 
Howard  Tooth,  who  made  his  observations  at  Bloemfoutein,  the 
vaccinations  according  to  Weight's  method  must  be  regarded  as 
very  useful. 

Outside  South  Africa  this  method  has  been  employed  on  a 
fairly  large  nvunber  of  persons  in  British  India,  in  Eigypt,  and 
in  Cyprus.  According  to  the  earlier  statementii  from  India  the 
incidence  amongst  the  vaccinated  persons  was  one-third  that  of 
the  unvaccinatecL  The  most  recent  statistics'  show  still  more 
favourable  results.  Thus  at  Meerut  tlie  incidence  amongst  vaccinated 
persons  from  Oct.  1U99  to  Oct.  1900  was  one-eleventh  that  of  the  un- 
vacciuatcd (2  cases  of  typhoid  fever  in  3G0  vaccinated,  and  II  case« 
of  the  same  disease  in  179  unvaccinated)  ;  the  mortality  (one  case 
amongst  the  former,  six  amongst  the  latter)  was  less  than  one-twelfth 
that  of  the  unvacciuatcd. 

*  BiiL  Mid.  Jourti.,  London,  1901,  Vol.  i,  p.  84. 
'  Lancet,  London,  1901,  Vol.  i,  p.  3a9. 


Tn  Eirj'pt  and  in  Cyprus  according  to  the  statistics  communicated 
to  Dr  ^^'riKht^  by  Col.  Fnwcett  these  vaccinations  have  given  even 
better  reâults.  In  2,669  tmvaccinated  persons  there  occurred  68  cases 
of  typhoid  fever  with  10  deaths,  whilst  amongst  the  720  vaccinated 
there  was  only  a  single  case  of  this  disease,  this  single  case  suc- 
cumbing. Here,  however,  we  have  to  do  with  a  patient  who  must 
have  received  the  vaccinal  inoculation  during  the  period  of  inculpation, 
the  diseasie  breaking  out  koou  after  the  vaccination.  This  would 
represent  in  all  the  cases  a  morbidity  only  one-seventeenth  as  intense 
amongst  the  vaccinated. 

A  few  isolated  voices  only  have  not  pronounced  in  favour  of  the  [508] 
antityphoid  vaccinations  and  their  opinion  is  formvdated  in  a  very 
undecided  fashion.  Amongst  the  most  important  of  these  adver- 
saries, if  iudeeil  we  may  term  them  such,  must  be  cited  Washbourn*, 
on  account  of  his  experience  in  microbiology.  Attached  as  a  doctor 
to  the  Yeomanry  Hospital  at  Deelfontein  in  South  Africa,  he 
witnessed  many  cases  of  typlioid  fever  and  was  greatly  struck  by  the 
death  of  two  persons  amongst  the  vaccinated  patients.  But  he 
himself  confesses  that  it  is  as  yet  premature  to  judge  Wright's 
metiiod,  and  in  support  of  his  sceptical  attitude  does  not  otTer  any 
other  satisfactory  observation. 

Outside  the  English  colonies  vaccinations  against  typhoid  fever 
liave  been  tried  in  Russia  by  VVyssokowitch^  He  inoculated 
235  soldiers  of  a  regiment  encamped  at  Kiew,  amongst  whom  an 
epidemic  of  typhoid  fever  had  broken  out.  The  vaccinations  were 
carried  out  by  means  of  cultures  killed  with  carbolic  acid.  We  are 
unable  to  judge  of  the  efficacy  of  the  method  because  the  number 
of  persons  vaccinated  was  too  small  and  the  epidemic  too  limited. 
It  may  be  noted,  however,  that  amongst  these  individuals  iiot  one 
took  typhoid  fever,  whilst  amongst  the  uuvacciuated  three  cases 
of  the  disease  were  registered. 

The  antityphoid  vaccinations  have  as  yet  only  a  very  short  history, 
and  it  is,  perhaps,  premature  to  express  any  decided  opinion  on  the 
matter.  We  may,  however,  consider  the  results  already  obtaineil  as 
oflFering  encouragement  to  continue  our  experiuient**.  Everything, 
indeed,  tends  to  a  recognition  of  tlie  utility  of  vaccinations  by  means 
of  killed  typhoid  cultures.    The  statistics  are  as  a  rule  good  ;  the 

'  Lancet,  London,  1901,  Vol.  i,  p.  1272. 

»  Brit.  Med.  Joum.,  Loudon,  1900,  Vol.  i,  p.  1«B. 

*  Gas.  din.  de  Botkine,  St  Pétereb..  1899,  p.  1911  (in  Riusiui). 
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danger  from  the  protective  inoculation  is  nil  or  quite  trifling:.    With' 
the  exception  of  tlie  (liscomfort  of  which  we  have  spoken  and  M'hich 
is  transitory,  no  untoward  result  has  ever  been  observed. 

To  all  this  must  be  uihled  the  fact  that  from  the  point  of  view 
of  the  pathogenesis  of  typhoid  fever,  all  the  prolKibilities  ix>int  in 
favour  of  the  vaccinations.  Whilst  in  Asiatic  cholera  we  have  to 
deal  with  an  intoxication,  from  the  alimentary  canal,  an  intoxication 
set  up  by  vibrionic  products,  against  which  the  sulxîutaneons  inocu- 
lation of  micro-organisms  can  not  be  effective,  in  typhoid  fever  we 
have  to  do  with  a  real  infection.  The  micro-organism,  altiiough  de- 
veloped at  first  in  the  small  iiitcf*tine,  becomes  generalised  throughout 
the  system.  Thanks  to  improved  metliofls  it  can  always,  or  almost 
[509]  always,  he  found  in  the  blood  of  the  patient,  and  its  constant  locali- 
s<atiou  in  the  spleen  furnishes  a  real  evidence  of  this.  Under  these 
conditions  it  is  quite  natural  to  suppose  that  everything  which  is  able 
to  prevent  the  penetration  of  the  typhoid  coccobacillus  into  the  bIoo<i 
and  the  internal  organs  ought  at  the  same  time  to  contribute  to  the 
protection  of  the  individual. 

We  are  fully  aware  that  science  has  not  yet  said  its  final  word 
upon  this  question.  We  are  coming  more  and  more  to  the  conclusion 
tliat  it  is  necessary  to  make  two  injections  instead  of  one.  It  is 
possible  that  we  may  have  recourse  to  certain  improvements  of  the 
method  by  comltirjing  with  it  the  injections  of  antityphoid  serums  as 
a  protective  measure.  The  near  future  will  doubtless  bring  ua  the 
solution  of  these  very  intportant  questions. 


X.  VaccinathnB  affahist  human  plague.  Plague,  which  for  so 
long  was  looked  upon  as  the  greatest  scourge  of  humanity,  has  tuitil 
recently  remained  almost  unknown  from  the  scientific  point  of  view. 
But  from  tlie  moment  that  it  became  possible  to  apply  to  its  study 
the  immense  a<lvances  realised  by  microbiology  the  thick  veil  wliicii 
had  hidden  its  nature  fell  at  a  single  stroke  and  science  found  itself 
in  possession  of  effective  means  of  fighting  against  it  Amongst  these 
means  one  of  the  most  important  is  protective  vaccination. 

When  the  last  pamlemic  of  plague  broke  out  in  Bombay  and  in 
the  East  Indies  in  general,  Hatl'kine  was  there  engaged  in  applying 
his  method  of  vaccination  against  Asiatic  cholera  of  which  we  have 
spoken  in  the  preceding  section.  Well  acquainted  with  the  results 
of  the  bacteriological  researches  made  on  bubonic  plague  by 
Kitasato,  and  especially  by  Yersin,  he,  in  IfitJC,  began  to  study  this 
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disease.  After  the  discovery  made  by  Yersin,  Borrel,  and  Calmette', 
who  showed  that  animals  Busceptible  to  human  phiguo  could  be 
easily  vaccinated  against  the  micro-organism  which  gives  rise  to  it, 
IlaflTvine'  endeavoured  to  find  a  practical  nietho<l  for  the  vaccination 
of  man.  He  set  up  a  laboratory  at  Bombay  and,  after  some 
preliminary  experiments  on  rabbits,  he  commenced  to  irgect  human 
beings  with  pure  cultures  of  the  plague  coccobacillus.  From 
1897  up  to  the  present  he  was  able  to  vaccinate  a  very  large  [310] 
number  of  individuals,  and  the  results  obtained  have  encouraged 
liim  to  continue  the  application  of  his  method.  The  principle 
of  this  method  is  that  which  had  guided  liim  in  the  preparation 
of  anticholera  vaccines  and  which  is  iiged  for  the  vaccines  against 
typhoid  fever.  It  consists  in  the  employment  of  pure  cultures 
of  the  speciBc  organism  killed  by  heat  The  cultures  are  grown 
in  large  flasks  conùtining  peptonised  broth  and  sown  with  a  small 
quantity  of  the  plague  coccobacilli.  A  little  sterile  butter  or 
cocoauut  oil  is  poured  on  the  surface  of  the  fluid.  Under  these 
conditions  the  organism  grows  abundantly  and  produces  growths 
which  hang  down  into  the  fluid,  reminding  us  of  the  stalactites  in 
n  grotto.  This  mode  of  development  forms  one  of  the  most  typical 
J.  characters  of  the  micro-organism  of  human  plague.  The  culture 
flasks  are  kept  at  a  temperature  of  about  30"  C.  for  five  to  six  weeks, 
at  the  end  of  which  perioil  a  large  numl)er  of  the  botlics  of  the  micro- 
orgaDisms  have  fallen  to  the  bottom  of  the  flask^  allowing  much  of 
their  toxic  contenta  to  esciipe.  The  fatty  layer  ou  the  surface  favours 
a  surface  development  ot  the  coccobacilli,  the  number  of  micro-organ- 
isms in  a  flask  ))eing  thus  greatly  increased. 

After  groring  for  35  to  42  days  under  these  conditions  the 
cultures  are  heated  at  G5' — 70°  C.  for  from  one  to  three  hours  with 
the  object  of  killing  all  the  micro-organisms  and  so  rendering  their 
injection  innocuous.  To  make  sure  of  the  efiectiveness  of  this 
heating  care  is  taken  to  remove  a  email  portion  of  the  fluid  and  to 
BOW  it  in  a  suitable  medium.  Should  this  medium  remain  sterile  the 
vaccine  may  be  used.  Into  adult  men  it  is  injected  in  a  dose  of  3c.c^ 
whilst  women,  children,  and  adolescents  receive  2 — 2'5  co,  into  the 
subcutaneous  tissue. 

Some  hours  after  the  injection  of  the  vaccine  the  temperature 

'  Âun.  de  Vlntt.  Pattenr,  Paris,  1895,  t.  ix,  p.  68^t. 
«  Brit.  Med.  Joum.,  London,  1897,  Vol.  I,  p.  14C1  ;  Indian  Mfd.  Oax.,  Calcutta, 
1887,  Vol.  XXXII,  p.  201. 
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rises  above  normal,  reaching  SB'S"  to  39°  C,  and  sometimes 
40° — 4tJ'5°C.  Tills  febrile  coiKlition  lasts  from  15  to  48  hours.  It  i» 
soon  accompanied  by  pain,  redness,  and  swelling  at  tlie  point  of 
inoculation.  These  symptoms  persist  for  from  tliree  to  five  days. 
The  malaise  which  follows  tlie  vaccinations  is  sometimes  very  uncom- 
fortable or  even  painful,  but  never  serious.  Only  in  exceptional 
ca.ses  is  tlic  foniiation  of  abscesses  observed,  and  this  is  due,  undoubt- 
edly, to  contaniiiiatiuu  of  the  vaccines  by  foreign  micro-organisms. 
The  English  Commission  sent  to  India  to  stndy  plague  found  other 
micro-organisms  than  the  plague  cocco bacilli  fairly  frequently  in  the^H 
[611]  vaccine  culture  fla-sks,  but,  with  very  rare  exceptions,  these  micro- ^B 
organisms  were  found  to  be  innocuous.  By  rigorously  following  the 
rules  to  be  observed  in  making  pure  cultures  it  should  not  be  diffi- 
cult to  avoid  this  complication. 

Haffkine  used  every  effort  to  induce  his  patients  to  be  vaccinated 
a  second  time,  being  justly  persuaded  that  two  injections  are  capable 
of  ensuring  a  more  certain  and  more  stable  immunity  than  is  a  siugl 
injection. 

From  what  moment  immunity  may  be  considered  to  be  acquired' 
has  been  a  matter  for  great  discussion.    From  very  numerous  experi 
mcnta  upon  animals  of  various  species,  as  well  as  many  observation» 
on  man,  it  is  now  agreed  that  a  period  of  several  days  (5 — 8)  froi 
the  injection  of  the  vaccine  is  required  beforc  immunity  is  manifest 
It  is  for  this  reason  that  cases  of  plague  which  have  broken  oui 
before  this  period  has  elapsed   cannot  be  looked  upon  as  contra 
indicating  tlie  efticacy  of  the  method. 

A  large  amount  of  evidence,  coming  from  persons  who  have  made 
their  observations  on  the  spot,  is  almost  unanimous  in  endorsing  tlio 
fact  that  UnfFkine's  vaccination  protects  man  against  plague.  It  is 
often  difficidt  to  compile  exact  statistics  in  surroundings  where  sol 
many  factors  contribute  to  deceive  even  the  careful  observer.  In 
spite  of  this  a  certain  amount  of  evidence  has  been  collected  which; 
may  be  accepted  as  uflbrding  us  fairly  satisfactory  information.  Ott 
of  the  best  groups  of  statistics  was  that  collected  at  Daraauti 
a  Portuguese  possession  in  India,  into  which  plague  was  imported  from 
Bombay  in  1897,  and  where  a  large  number  of  vaccinations  were 
carried  out  From  the  report  of  Haffkine  and  Lyons \  in  a  popula- 
tion of  8230  persons,  rather  more  than  one-fourth  (2197)  were 
vaccinated,  the   greater   majority   (6033)    remaining   uninoculated. 

'  "Joint  Report  on  the  Epidemic  of  Plo^e  iu  Lower  Damaou,''  iîombay,  189' 
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Amnnjrst  the  former  only  30  died  from  plagiie,  which  corresponds 
to  1"6  per  cent.  ;  whilst  amongst  the  unvaccinated  persons  the  disease 
carried  off  1482  persons  or  24*6  per  cent  Vaccination,  therefore, 
icordinjGf  to  these  statistics,  must  liave  brought  down  the  ninrtality 
one-fifteenth.  The  German  ComraiseionS  two  meml)ers  of  which, 
Koch  and  GaflTiy,  went  to  Daniauu  to  be  present  at  the  vaccinations 
and  to  observe  their  efficacy,  pronounced  in  favour  of  Haftlîine's 
method.  The  English  Commission-  made  reservations  and  criticised 
the  statistics  of  Haft'kine  and  Lyons  (who  amongst  others  attribute 
all  the  cases  of  deaths  that  occurred  amongst  the  unvaccinated  to  [512] 
plagae),  but  in  the  end  this  Commission  also  recognised  the  utility 
of  the  vaccinations  at  Dainauii. 

The  data  collected  witli  regard  to  the  vaccinations  at  Undhera, 
Hnbli,  and  several  other  places  in  Britisfi  India  confirm  the  results 
obtained  at  Damaun.  The  statistics  cotlccted  at  these  localities 
are  certainly  open  to  criticism,  but  the  result  as  a  whole  is 
none  the  less  encouraging  as  regards  this  method  of  vaccination. 
According  to  the  conclusions  of  the  English  Commission  the  "inocu- 
lations had  a  considerable  effect  in  warding  oft'  plague  attacks  fi'om 
the  inoculated.. .  .The  protection  afforded  by  inoculation  seems,  how- 
ever, never  to  be  absoluteV  We  do  not,  as  yet,  know  the  duration 
of  the  immunity  produced  by  Ilaffkine's  vaccinations  ;  it  cannot  be 
very  long  to  judge  from  tlie  experiments  on  animals,  but  it  may  last 
for  several  weeks,  probably  even  for  months. 

The  vaccinations  by  killed  cultures  may  be  especially  useful  when 
is  a  question  of  limiting  the  extension  of  an  epidemic  that  is 
already  established.  The  ejise  with  which  the  vaccine  can  be  prepared 
renders  it  possible  to  obtain  very  large  quantities  of  it  in  a  short 
time,  with  which  it  is  jjossible  to  immunise  the  entire  yiopulation  of 
towns  or  districts.     But,  as  the  imnuinity  by  this  method  requires 
several  days  for  its  development  and  as  the  ii^ections  of  micro- 
organisms, even   when    killed,   may   be   very   injurious   during  the 
^^incubation  period  of  plague  or  immediately  before  the  infection,  it  is 
^hecessiiry  to  limit  the  vaccinations  to  persons  who  are  not  in  intimate 
^contact  with  the  sick,  or  who  are,  from  the  beginning,  exposed  to 
infection*. 

»  Arb.a.  d.  K.  G$ndhUamte,  Tkrlln,  1699,  Bd.  XTi,8.  3.31. 

'  "  Report  ortho  Indian  Plague  CouioiiMion,"  Londoo,  1901,  Vol  T,  Chatpter  rv. 

>  Ibid.  Chapter  it,  p.  81. 

*  See  Calmotte,  "  Ra|)|>ort  sur  le«  vacciii&tions  contre  la  peste,"  Cf'tnpt,  rtnd.  d. 

C(j»gr.  internat,  J^hyg.  de  Paris,  1900. 
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Lustig  and  Gfileotti^  have  described  another  method  of  ]i 
antiplagae  vaccine  which  can  be  utilised  where  it  is  of  imptn  i  > 

obtain  a  large  quantity  of  vaccine  in  a  very  short  time.  Instead  of 
allowing  the  cultures  to  grow  for  five  or  sis  weeks  as  required  by 
HaflTkine'w  nietiiod,  the  Italian  observers  make  use  of  cultures  on  agM* 
which  have  grown  for  two  days  only.  The  micro-organisms,  removed 
from  the  surface  of  the  agar,  are  treated  with  a  weak  solution  of 
potash  (075  °U — ^  7o)  ^'hich  dissolves  the  bodies  of  the  coccolxidlli. 
[513]  This  phenomenon  has  sometimes  occurred  by  the  end  of  twenty 
minutes,  but  it  often  reciuires  an  hour  or  more.  The  contact  of  the 
niicro-orgauisms  with  the  alkali  must  never  exceed  three  hours. 
The  viscous  mass  thus  obtained  is  then  treated  with  acetic  acid,  when 
a  preci[)ltiite  is  thrown  down.  This  precipitate,  after  being  washed,  is 
used  for  the  vaccinations.  When  injected  in  large  quantities  into 
animals,  Lustig  and  Galeotti's  product  sets  up  necrosis,  but  a  weak 
dose  is  well  bonie  and  confers  immunity  against  plague.  In  man  it 
is  Huthcieut  to  inject  two  or  three  milligrammes  of  this  substance 
diluted  witit  water.  The  vaccinal  nuclein  of  the  Italian  observers  has 
been  but  little  employed  for  the  immunisation  of  man  in  In<Ua,  but 
it  is  largely  used  in  this  country  for  the  inoculation  of  horses  from 
which  \a)  obtain  an  antiplague  serum. 

The  serothempcutics  against  human  plague  were  inaugurated  by 
the  researcliea  of  Yorein,  Barrel,  and  Cahnette  (/.c),  who  demon- 
strated that  animals  susceptible  to  the  plague  bacillus  can  be 
vaccinated  and  even  cured  of  experimental  plague.  The  prepai-ation 
of  imtijilague  seiimi  has  since  been  energetically  pursued  under 
Roux'b  direction  at  the  Pasteur  Instittite.  After  several  trials, 
some  of  which  were  very  encouraging,  others,  on  the  contrary, 
somewhat  unfavourable,  they  succeeded  in  obtaining  a  serum  which 
is  cajmble  of  curing  plague  after  it  has  broken  out  and  has  become 
grave.  As  in  this  treatise  we  intentionally  leave  aside  everything 
connecte<l  with  healing  we  shall  speak  only  of  the  antiplague  seram 
as  a  protective  agent. 

Whilst  vaccinations  by  killed  plague  cultures  have  been  practised 
principally  in  the  East  Indies,  the  immunisation  with  antiplague  serum 
has  been  eniployed  in  Europe,  especially  at  the  time  of  the  epidemic» 
of  Oporto  in  18t)i9  and  of  Glasgow  in  1900.  In  all  these  cases  use  waa 
n»ade  of  the  serum  from  the  Pasteur  Institute,  up  to  the  present  the 
most  active  of  all  those  prepared.  It  is  a  serum  obtained  from 
>  Deuttc/te  med.  Wchniehr^  Leipzig,  1697,  SS.  227,  289 
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orsK?»  treated  for  a  long  period  with  cultures  of  the  plague  bacillus 

ami  witli  the  toxin  of  the  same  organism.    Treatment  is  begiui  by 

directing  plague  coccobacilli  killed  by  heat  (70°  C).    These  iiyections 

are  made  into  the  vein8,  with  the  object  of  avoiiling  the  local  lesions 

hich  are  observe<l  after  the  subcutaneous  introduction  of  micro- 

nisma.    When  the  horses  have  been  rendered  refractory  by  this 

Teatment  with  dead  micro-organisms,  the  next  step  is  to  inject  (also 

into  the  veins)  small  quantities  of  living  cultures.    The  doses  of  these 

cultures  are  g^dually  increased,  and  end  by  conferring  upon  the  animal  [5i4] 

u  very   strong   immunity,  wi)ich    is  strengthened    by   injections  of 

products  of  cxdtures  passed  through  a  Chamberland  filter. 

Calmette  aud  Salimbeni^  injected  prophylactîcally  more  than 
OOO  persons  tnenace<l  by  plague  at  Oporto,  These  comprised  the 
doctors  and  the  staffs  of  the  laboratories  of  hygiene  and  of  the 
disinfection  services,  the  firemen  who  removetl  the  sick  persons  and 
the  dead,  the  families  of  those  who  were  attacked,  the  memljers  of 
the  French  colony,  etc.  Into  each  person  SCiC  of  senim  was  injected 
below  the  skin  of  the  abdomen.  These  vaccinations  in  some  cases 
caused  nettle-rash,  emptions  similar  to  those  so  often  observed  after 
the  injection  of  the  other  kinds  of  serums.  Of  the  tottd  number  in- 
jected two  persons  contracted  plague  :  the  unfortunate  Doctor  Camera 
Pestana  and  his  assistant.  The  former  succumbed  to  the  <lisea-se,  but 
the  second  only  contracted  a  very  mild  furni  of  it.  The  studj'  of 
these  600  cases,  as  well  as  of  experiments  on  animals,  demonstrated 
that  the  immunity  conferred  by  the  aiitiplague  senim  is  set  up 
^^nmediately  after  its  injection  but  is  not  of  long  dumtion.  It  is 
^Brobable  that  it  lasts  for  8  or  10  days,  or  at  furthest  a  fortnight  only. 
^V  Similar  results  were  obtained  at  Glasgow.  Van  Ermengem-,  who 
^Hmb  published  a  report  on  the  epidemic  in  this  town,  mentions  that 
^^pore  than  70  pei-sons  in  good  heidth  were  inoculated  with  the  scrum  ; 
'  each  one  received  10  cc.  beneath  the  skin  of  the  belly.  Of  these 
70  persons  one  was  attacked  with  a  fairly  mild  plague  8  days  after 
the  vaccination,  and  another,  a  housekeeper,  was  atUicked,  9  <lay8  after 
the  injection,  with  a  congestion  of  the  cervtral  glands  induceil  by  the 
plague  bacillus.  Both  cases  recovered.  All  the  other  vaccinated 
persons,  in  spite  of  constant  exposure  to  the  plague  infection, 
remained  unaffected.    Vau  Ërmengem  was  of  opinion  that  the  two 


»  Ann.  d«  I'Intt,  Pmteur,  Paris,  1890.  t.  xm,  p.  902. 

*  Butt.  Acad.  roy.  tie  méd.  de.  Belg.,  Bruxelles  1!>00.  27  Octobre. 
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persons  treated  with  the  eerum  were  already  infected  when 
were  vaccinated. 

The  Belgian  observer  pointa  out,  further,  the  frequency  of  secon- 
dary accidents  which  were  produced  in  the  persons  vaccinated  at 
Glasgow.  Van  Emieugem  himself  went  through  the  ordeal  after 
being  injected  with  10  c.c.  of  serum  as  a  protective  measure  and  this 
gave  occasion  to  seveml  critics  to  attack  the  Pasteur  Institute.  This 
is  how  Van  Krniengeni  himself  puts  the  matter.  "Tlie  accidents  after 
[516]  the  immuiiiâing  injections... were  very  numerous,  they  were  observed 
33  times  in  72  cases.  Sometimes  they  were  even  fairly  serious,  to  the 
point  of  causing  great  sutFering  to  the  patient  and  of  disquieting 
those  around  them.  We  could  describe  them  from  thorough  know- 
ledge, since  we  experieuced  them,  but  they  scarcely  differ  from  th 
which  are  observed  from  time  to  time  after  the  injection  of  auti 
diphtheria  serum,  and,  like  them,  they  disap]>ear  without  leaving  the 
least  trace"  {l.c,  p.  18). 

In  spite  of  these  accidents  and  the  necessity  of  renewing 
queutly  (every  ten  or  fifteen  days)  the  protective  injections  of  serum, 
their  use  is  quite  advisable  in  ceitaiu  circumstances.  They  may  render 
great  service  uu  board  infected  vessels  or  in  lazarettos  (as  in  the  case 
which  occurred  at  Frioul  after  the  arrival  at  Marseilles  of  Arab 
stokers  suffering  from  plague),  in  docks,  warehouses,  and  stores  where 
contaminated  merchandise  is  found.  They  should  also  be  employed 
to  vaccinate  those  coming  into  immediate  contact  with  plague  cases  i; 
hospitals  and  in  private  houses.  In  a  Mord,  vaccinations  by  serum, 
owing  to  their  power  of  conferring  a  very  i-apid  immunity,  should  be 
practised  wherever  there  is  more  or  less  immediate  and  imminent 
«langer.  Under  these  conditions  they  are  of  very  great  service 
localising  the  disease. 

The   methods   of  vaccmation   against    plague   that    have    been 
employed  up  to  the  present  may  undoubtedly  be  improved.   Calmei 
and   Salimbeni   {I.e.)  have  already  publislied  the  results  of  expe 
meats  on  aoimals  undertaken  with  the  object  of  studying  the  efie 
of  a  combined  method  of  vaccination  with  antiplague  serum  and 
killed  cultures  of  the  plague  bacillus.    But  even  iu  their  present  form 
the  methods  used  for  protecting  individuals  against  this  disease  d 
serve  to  be  regarded  as  conferring  great  benefits  on  humanity. 


XI.     Vaccinations  against  tetanus.    Tetanus  unlike  plague  is 
not  a  contagious  disease,  nor  is  it  capable  of  becoming  epidemic 
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t  constitutes,  however,  a  very  formidable  disease  against  which  all 
therapeutic  methods  have  only  a  very  limited  effect  This  ia  a  further 
reason  for  drawing  the  whole  attention  of  medical  and  veterinary 
men  to  the  prevention  of  tetanus  by  vaccinal  injections.  Tetanus  is 
a  disease  in  which  the  intoxication  plays  an  altogether  dominant  part. 
The  tetanus  bacilli  do  not  develop,  at  the  point  where  they  are 
introduced  into  the  body,  unless  favoured  by  auxiliary  conditions,  [i5l6l 
such  as  the  umltiplication  of  other  micro-orgjvnisras.  Even  then  the 
organism  of  tetanus  reproduces  itself  with  difficulty,  and  without 
becoming  generalised  throughout  the  body.  The  poison  whicli  it 
secretes  is  however  sufficient  to  produce  a  very  grave  intoxication, 
ending  most  frequently  in  death.  In  certain  countries  tetanus,  as 
a  sequel  to  various  wounds,  is  very  frequently  met  with  in  man  and 
in  certain  domestic  animals,  such  as  the  horse,  donkey,  pig,  etc. 
I  It  is  only  since  the  discovery  by  von  Beliring  and  Kitasato  of  an 
effective  method  of  immunisation  against  tetanus  that  it  has  been 
possible  to  consider  the  practical  application  of  antitetanus  vacci- 
nations. These  observers  demonstrated  that  the  tetanus  poison, 
when  treated  with  trichloride  of  iodine,  had  its  toxic  action  weakened 
and  was  transfornietl  into  an  effective  vaccine.  Roux  and  Vaillard 
found  that  the  addition  of  Lugol's  iodo-iodumted  solution  to  the 
tetanus  poison  renders  it  capable  of  vaccinating  all  kinds  of  suscep- 
tible animals.  It  was  shown  Liter,  that  eveu  with  modified  active 
tanus  toxin,  we  can  still  obtain  good  results  when  care  is  taken 

inject  the  poison  with  great  circumspection. 

But  it  is  not  these  vaccines  obtained  from  tetanus  cultures  that 
have  come  to  be  used  in  practice.  The  best  results  are  obtained  by 
the  use  of  antitetanus  serums.  After  von  Behring  and  Kitasato's 
discovery  of  the  power  of  the  serum  of  animals  imnnmised  against 
tetanus  to  neutralise  the  action  of  the  tetanus  poison,  very  numerous 
experiments  were  made  on  the  same  subject.  It  has  now  become 
possible  by  treating  horses  with  large  quantities  of  tetanus  toxin  to 
obtain  specific  serums  of  extraordinary  activity  Thus  several  serums 
are  capable  of  preserving  mice  against  a  lethal  dose  of  tetanus  poison 
if  we  inject  into  them  a  quantity  of  serum  equal  to  the  one-thousand- 
millionth  of  their  weight. 

Serums  of  this  strength  protect  domestic  animals  against  tetiinus. 
e  know  that  many  operations  on  horses,  sheep,  goats,  pigs,  and 
otiier  mammals  are  very  often  followed  by  a  tetiiiius  which  is  usually 
futah    Castrntion,  amputation  of  the  tail,  the  ablation  of  proud  flesh 
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or  tomonn,  the  operation  for  ctrptordittia  or  bendae^  el&  are  oikei 
complicated  by  tetaoos.    Moretjver,  tétanos  may  fietiuently  aftpev 
in  horses  that  hare  received  wonnda  in  Uie  foot  or  in  the  lover 
parte  of  the  limbe,  "Clous  de  rue,"  &mer'8  paactara^  wireheeU 
blowg,  etc 
1*17]       With  the  object  of  remedying  this  state  of  things  Kocard'  i 
buted  to  veteriaariaufi  about  70  litres  of  antitetanns  acnni  to 
employed   for  protective   purposes.    The  majority  of  tJie 
treated  (horsee,  donkeys,  mules,  bulls,  rams,  lambe,  and  p^)  recxivcd 
two  injcctious  of  serum  at  an  interval  of  10 — 13  days,  SOCCl  fcr 
large  atiitiiHl»  and  C — 10  ex.  for  sheep  and  pigs.    Of  9088  mAi 
which  received  the  first  injection  of  serum  immediately  after 
operation  not  a  single  one  contracted  tetanus.    Of  -lOO  «nrmah 
received  the  first  injection  at  a  later  period,  1—4  days  and 
after  the  accidental   wound  of  which  they   had  been  tbe  rîctiiiie, 
one  horHe  only,  treated  five  day»  after  the  accident  (farrier's  pune- 
ture),  wiLs  seized  with  mild  tetanus,  but  it  soou  recovered.    In  the 
•ame  localities  where  the  results  of  the  vaccination  were  so  brilBut, 
314  cases  of  grave  and  faUil  tetiinus  occurred  amongst  animals  opented 
ajKin  or  injured  that  were  not  submitted  to  tlie  serum  treatm^tt 

It  may  be  readily  understood  with  these  facts  before  us  wby 
practice  of  protective  vaccinations  of  animals  against  tetanus  she 
have  spread  so  rapidly  amongst  veterinarians.  The  demand  for 
tetanus  serum  from  the  Pastenr  Institute  of  Paris  for  veterinary  nae 
increases  every  year  at  a  great  ratio.  Thus  in  1896  there  were  acirt 
out  only  1511  bottles  of  lOc.c.  each,  in  1898  the  number 
24,959  bottles,  in  1900  it  exceeded  43,000. 

The  efficacy  of  the  antitetanus  serum  employed  as  a  prot< 
agent  can  no  longer  be  questioned,  but  it  must  not  be  forgoUt 
that  its  injection  does  not  render  the  treatment  of  the  wo 
unnecessary.    Tliese  wounds   should    receive  a  rigorous   ant 
cleansing.    All  foreign  bodies  should  be  carefully  extracted;  ot 
wise  the  prolongeai  presence  of  tetanus  spores  might  set  up  a 
tetanus  after  the  disappearance  of  the  transient  immunity  due  to  the" 
senun. 

Tlie  protective  injections  of  antitetanus  serum  into  men  likely  to 
contract  tetanus  are  also  beginning  to  spread-  It  often  liaj)peiis 
that  bicyclists,  in  falling,  receive  injuries  which  are  confcmiinated  by 

1  Duii.  Acad,  de  méd.,  Paris,  1895,  t.  xixiv,  p.  407  ;  ibid.,  1897,  tiiivm,  p.  lOSj, 
Compt.  rtnd.  XII  Cmgr.  InUmat,  de  Méd.  à  Atotcou,  1897,  t  vi^  p.  244. 
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Tiorse-flunfi:  or  other  matters  which  may  contain  the  spores  of  tetanus. 
In  these  cases,  as  in  many  other  forms  of  injury,  vaccination  with 
antitetanus  serum  is  indicated.  Thus  it  happens  from  time  to  time 
at  the  Pa-<iteur  Institute  that  injured  persons  come  and  ask  for  a  [518] 
protective  injection  of  serum.  Several  medical  men  and  surgeons  are 
now  iiccustomed  to  vaccinate  such  of  their  patients  as  have  had  their 
wounds  contaminated  by  earth  or  dung.  All  the  cases  of  this  treat- 
ment wliich  have  come  to  our  knowledge  have  been  followed  by  very 
good  reriults. 

XII.  Vacdnatioiis  againi<t  (llphtherîa.  Antidîphthcria  vaccinations 
have  been  the  subject  of  much  discussion  since  the  discovery  of  tlie 
antidiplithcria  serum  and  its  introductidu  into  routine  practice.  A 
large  nunibur  of  works  were  published  for  and  against  the  application 
of  serum  in  protective  treatment  against  diphtlieria,  especially  in  the 
early  years  of  its  use.  Later  the  controversy  has  subsided  somewhat, 
and  at  present  very  few  writers  are  found  who  continue  to  decry 
antidiphtheria  vaccinations. 

The  antidiphtheria  serum  was  discovered  in  1890  by  von  Behring 
Avorking  in  collaboration  with  Kitasato;  these  observers  demonstrated 
in  laboratory  animals  its  neutralising  action  upon  the  diphtheria  toxin. 
A  little  later  von  Beiiring  began  to  apply  it  iu  the  treatment  of 
iliphtheria,  but  the  early  results  were  far  from  satisfactory,  and 
von  Behring  soon  recogui-sed  that  it  was  necessary  to  obtain  much 
more  active  serum.  Along  with  Ehrlich  of  the  Institute  for  Infective 
Diseases  at  Berlin  he  set  to  work  to  study  this  problem.  In  coUa- 
boratiou  with  several  investigators,  among  whom  I  ma}'  cite  Wernicke, 
Wassermaun,  and  Kossel,  be  succeeded  in  obtaining  very  encouraging 
results  as  regards  the  antitoxic  strength  of  the  serums  and  their 
therapeutic  action  on  children  attacked  by  diphtheritu 

C'  At  this  time,  also,  Roux  in  Paris  began,  assisted  by  Martin  and 
Chaillou,  to  study  the  same  question.  These  observers  prepared 
serums  which  for  that  period  were  very  active  and  made  a  very 
l^ective  application  of  them  upon  more  than  300  diphtheria  patients. 
From  the  year  1094  the  use  of  serum  began  to  spread  in  all 
countries,  and  it  was  then  that  an  attempt  was  made  to  ai)ply  it  to 
the  protection  of  children  in  good  health,  but  who  had  been  specially 
exposed  to  contagion. 

It  was  necessary  to  have  at  command  large  supplies  of  anti- 
diphtheria   serum;    this    was   prepared   by   injecting   into   horses 
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repeated  doses  of  the  toxin  matmfaetured  by  the  diphtheria  bacillus.' 
[519]  nie  serums  thus  obtiiined  were  first  tested  as  to  their  protective. 
antitoxic,  aud  curative  action  on  guinea-pigs,  animals  very  susceptible 
to  diphtheria-    The  necessity  of  finding  some  means  of  me^isurin, 
tlie  strength  of  the  serum  boon  arose.    Von  Behring  and  Weruict 
at  first  standardised  it  on  the  basis  of  the  number  of  grammes  o! 
guinea-pig  which  could  be  protected  by  one  gramme  of  serum.    Later, 
von  Behring^  introduced  the  principle  of  the  "normal  serum,"'  thai 
is  to  say,  a  serum  of  which  0*1  cc,  mixed  with  10  lethal  doses  of 
diphtheria  toxin,  is  capable  of  preventing  every  morbid  symptom  in 
a  guinea-pig  weighing  yoo  to  400  grammes. 

Ehrlich-  perfected  this  method  in  the  following  way  :  to  tulje*, 
each  containing  10  letlial  doses  of  a  standard  toxin,  are  adde<l 
different  amounts  of  serum.  These  mixtures  are  brought  to  the 
same  volume  of  4c.c.  by  the  addition  of  physiological  saline  solution, 
and  each  is  immediately  injected  below  tlie  skin  of  a  guinea-pig.  If 
U'l  cc.  of  a  semm  completely  neutralises  the  10  lethal  doses  of  toxin, 
the  serum  retains  its  name  of  normal  serum  ;  in  the  case  where  0'05  ccv] 
is  sufficient  to  bring  about  the  same  result  the  serum  is  designated 
double  normal  serum.  Wlien  0001  cc.  gives  the  same  results,  a 
hundred  tim^  normal  serum,  and  so  on.  A  cubic  centimetre  of 
normal  serum  (that  is  to  say  a  dose  capable  of  neutralising  100  lethal 
doses  of  standard  toxin)  constitutes  an  "immunising  unit''  (Immuni- 
sirungseinheit  (i.E.)  of  Ehrlich).  As  it  was  soou  recognised  that  toxins, 
even  when  kept  under  the  best  coiiditioua,  lose  more  or  less  of  their 
toxic  power,  Ehrlich  had  to  modify  his  method  of  standardising 
serum.  He  now  makes  iise  of  a  standard  antidiphtheria  scrum,  kept 
in  a  dry  condition,  wliich  is  much  more  constant  than  are  the  toxins. 
Solutions  of  this  standard  serum  are  prepared  and  compared  with 
the  serum  whose  strength  has  to  be  determined.  Ehrlich  has  given  &| 
detailed  description  uf  the  method  of  procedure  required  to  obtain 
exact  results. 

At  the  Pasteur  Institute  Ehrlich's  method  has  been  adopted, 
supplemented  however  by  another  test  for  the  estimation  of  the 
strength  of  antitliphtheria  serums,  a  method  allied  to  von  Behring  s 
old  method.  Various  doses  of  the  semm  to  be  examined  are  injected 
subcutaneously  into  guinea-pigs,  and  24  hours  later  these  guinea-pigs 

»  DeuUche  med.  VVchntchr.,  Leipzig,  1893,  S.  390. 

■  Ehrlich,  Kossel  u.  Wassermaun,  DeuUcht  tMd.  fVchtuchr.,  Leipzig,  1894,  S.  353; 
JT/i'iJ.  Jafirb.,  Berhu,  1897,  6d.  vl 
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receive  a  quantity  of  a  living  culture  of  iliplitlieria  bacilli  which  kills  [520] 
control  animals  in  30  hours.  The  protective  power  of  the  serum 
in  relation  to  the  weight  of  the  animal  ia  thus  dctcnnined.  For 
example,  a  serum  which  is  said  to  be  active  at  1/100,000  haa  the 
power,  in  a  quantity  equal  to  l/lOO,00(Jth  of  the  weight  of  the 
inoculated  guinea-pig,  of  preventing  a  fatal  result.  It  was  thought, 
at  first,  that  the  protective  power,  measured  in  this  way,  would 
be  proportional  to  the  antitoxic  property  determined  according  to 
Ehrlich's  method.  But  as  the  results  given  by  tliesc  two  methods 
were  often  widely  diflerent,  it 'was  resolved  at  the  Pasteur  Institute 
to  examine  by  both  methods  all  the  serums  intended  for  use  in 
practice.  This  led  to  the  conclusion  formulated  by  lîoux\  in  his 
report  communicated  to  the  International  Congress  of  Hygiene,  held 
at  Paris  in  1900,  that  a  scrum  possessing  a  very  high  protective 
power  (against  the  living  diphtheria  bacillus)  might  be  only  feebly 
antitoxic,  and  vice  versa. 

This  result  is  explained  by  the  fact  that  the  antidiphtheria  serums 
are  rery  complex  fluids,  containing  several  superposed  properties 
of  very  variable  strength.  Marx-,  of  the  Frankfort-on-Main  Institute, 
tried  to  8l)ake  Roux's  conclusiouH,  bringing  forward  his  experiments 
made  on  guinea-pigs  and  rabbits  injected  with  antidiphtheria  serum 
into  the  peritoneal  cavity  and  into  the  veins.  He  wished  in  this  way 
to  avoid  the  introduction  of  the  serum  into  the  subcutaneous  tissues, 
whence  the  absorption  of  the  antitoxin  must  take  place  iu  a  very 
irregular  fashion.  In  Marx's  experimctits,  thus  carried  out,  the 
protective  power  of  the  serums  was  always  found  to  run  parallel  with 
their  antitoxic  power,  from  which  he  concluded  that  Roux'ë  view 
was  incorrect.  It  must  not  be  forgotten,  however,  that  this  view 
was  founded  on  experiments  iu  which  the  antitoxin  had  been 
injected  into  the  subcutaneous  tissue  before  or  simultaneously  with 
the  toxin  or  the  diphtheria  bacillus.  Under  the^e  conditions  the 
protective  power  is  often  found  to  be  altogether  disprop(U"tJonate  to 
the  antitoxic  power.  This  fact  has  been  observed  so  carefully  and  with 
such  exactness  that  it  is  impossible  to  deny  it.  Now  it  is  undoubted 
that  the  conditions  of  the  experiments  upon  which  Roux  relies 
correspond  much  more  closely  with  those  that  are  realised  in 
raccination  of  man  against  diphtheria  than  with  the  conditions  met 
with  in  MarxB   cxperluientâ.    Iu  these   vaccinations  antidiphtheria 


»  Compt.  rend.  X  Conrir.  internat,  (fhpff.  et  dé  démogr.,  Paria,  1900. 
«  ZUcltr.  d.  lîya.y  Lejyisig,  1901,  BtL  xxxviii,  S.  372. 
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[521}  serum  is  injected  below  the  skin  of  persons  whom  it  is  wish© 
protect  against  the  action  of  the  diphtheria  bacillus. 

With  the  object  of  bringing  about  a  unification  of  the  methods 
of  estimating  serums  used  in  different  countries  the  Ibternatiouul 
Congress  of  Iljgiene,  lield  at  Madrid  in  1898,  appointed  a  special 
Commission  to  settle  this  problem.  But  when  the  Congress  met 
again  at  Paris  iu  1900  this  Commission  had  not  completed  the  task 
allotted  to  it.  The  represents^tives  of  the  various  methods  had 
exchanged  ideas,  but  in  applying  the  same  method  the  results 
obtained  in  various  places  and  by  various  observers  presented 
differences  too  great  to  allow  of  any  undersUuiding  being  arrived  ai 
It  is  evident  that  we  have  here  a  very  complicated  problem.  Thi 
serums  are  tested  on  living  animals  in  which  of  course  nothing  like 
the  coustjincy  of  a  chemical  reaction  can  be  obtained. 

Possibly  the  metliods  of  breeding  and  the  races  of  the  same 
animals  in  the  different  countries  may  bo  quite  suflicient  to  explain 
the  divergencies  in  the   results  obtained.     \M)atever  may   be  tb 
reason  the  unification  of  scrum  estimation  htis  not  yet  been  obtain 
and  it  is  difficult  to  anticipate  that  any  better  result  is  to  be 
rived  at. 

From  all  this  we  may  draw  the  conclusion  that  the  possibility 
of  attaining  a  too  rigorous  precision  in  the  standardisation  of  serum 
lias  Iwen  exaggerated.  Oui-  object  must  be  to  obtain  results  aig 
favourable  as  possible  in  the  applictitton  of  the  antidiphtheria  serums, 
and  for  that  purpose  it  is  necessary  to  iirject  greater  quantities  thai 
those  which  ma}'  be  indicated  by  any  method  of  estimation.  This  rul< 
is  ajtplied  as  far  as  is  possible  at  tiie  Pasteur  Institute. 

As  regards  vaccination  against  diphtheria  of  persons  who  are  x 
good  health  but  are  espcL-ially  exposed  to  infection,  the  questioi 
must  be  accepted  as  settled  in  the  affirmative. 

From  the  commencement  of  our  attemjjt  to  cure  diphtheria  by 
means  of  a  specific  serum,  the  necessity  was  seen  of  protecting 
children  who  were  in  contact  with  the  sick  persons  against  this 
disease.  Small  quantities  of  scrum  were  injected  into  such  childre: 
for  protective  puiTioses.  The  first  results  communicated  in  1894  b 
Iloux  to  the  Congress  at  Budapest  being  very  encoui-aging,  an  attempt 
was  made  to  give  the  greatest  j)ossible  extension  to  the  system  of 
vaccination  by  antidiphtlieria  serum.  In  the  following  year,  1895,  fairly 
[522]  numerous  statistics  had  been  collected,  and  Torday^  at  Budapest, 
I  Deutteke  med.  Wchntchr,,  Leipzig,  1895,  S.  408. 
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Kurth^  at  Bremeu,  and  Kubens-at  Gelseukii'chen  were  able  to  publish 
a  number  of  favounible  tstiitistics.  Soon  afterwards,  however,  a  fatid 
case  occurred  in  the  family  of  a  well-known  Berlin  doctor,  Lan^cerhans*, 
an  accident  that  started  a  violent  controversy  and  8tirre<l  up  an  active 
catupaigi)  ai^cfdtist  seniin.  I^angcrhaus's  son,  a  boy  age<l  2  years,  in 
good  health,  was  inoculated  witli  a  small  dose  {r2c.c.  of  this  serum) 
and  succumbed  about  a  quarter  of  an  hour  afterwards  with  symptomî) 
of  suffocation.  The  post-mortem  examination  made  by  Strassman* 
showed  the  cause  of  deatli  to  be  suffocation  in  consequence  of  the 
aspiration  of  food  into  the  respirator)'  j)a#sagcs  during  the  act  of 
vomiting.  ^Vii  examiuation  of  the  serum  used  by  Liuigerlians  did 
not  reveal  any  toxic  action  on  animals  or  any  coatiuiiiiiatiDU  by 
niicro-orgunisms.  All  to  no  purpose,  the  serum  was  held  answerable 
for  the  death  of  the  child,  and  an  attempt  was  made  to  demonstrate 
at  almost  any  cost  that  its  use  in  human  practice  was  extremely  dan- 
gerous. Gottstein'' joined  in  cliorus  with  the  over-excited  opinion  and 
published  a  deimnciation  of  vaccinations  by  autiiliphthcria  serum.  lie 
collected  from  the  literature  of  Ujth  hemispheres  four  cases,  in  all, 
in  wldch  death  had  occurred  some  time  after  the  injection  of  this 
serum  into  children  not  suffering  from  diplitiicria.  A  peinisal  of  the 
description  of  these  cases  is  sufHcient  to  convince  one  that  the  death 
could  in  no  sense  be  attributed  to  tite  serum,  and  that  it  could  be 
explained  much  more  easily  by  tlie  fatal  action  of  the  streptococcus, 
the  cause  of  the  non-diphtheritic  aOections  of  the  chihlreu  that 
<iied. 

The  ineptitude  of  this  denunciation  must  have  done  much  to  adui 
public  opinion,  and  in  September  of  the  sjunc  year,  181)G,  C.  Frankel", 
in  a  report  presented  to  the  German  Association  of  Public  Hygiene, 
was  able  to  give  a  review  of  the  state  of  the  question  of  vaccination 
against  diphtheria,  summing  up  in  fa  venir  of  the  use  of  the  spetnfic 
serum.  "Taking  into  consideration  the  data  collected,"  he  remarks, 
*'  it  is  scarcely  possible  to  doubt  the  value  of  immunisation  by  serum,  [5'2.i] 
go  that  we  may  say  positively  tliat  we  are  now  treatling  a  path  which 
will  lead  us  to  great  and  important  results."    This  very  favourable 

*  Déuti6h«  m«d.  Wchtitehr.,  Leipzig,  1895,  Sa  420,  443,  464. 

*  Deutêchs  tued.  IVchntclir.,  Leipzig,  lS£>d,  S.  768. 
»  Berl.  kiin.  IVchutchr.,  1896,  S.  602. 

*  £erl.  kliii.  Wduuchr.,  1896,  8.  616. 

*  Thtray.  MonaUh.,  Berlin,  1896,  a  269. 

*  Vuuttche  yrHj*chr./.  «j/T.  Gtndhttpjlg^  Bmachwg.,  1897,  Bd.  xxxx.  Heft  I. 
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opinion  was  due  in  great  measure  to  the  vaccinations  carried  out  in 
the  wards  of  Heubner's  Clinic  at  Berlin  ^  At  first,  injection  of  the 
antidiphtheria  serum  as  a  protective  into  patients  who  were  found 
in  tlie  immediate  vicinity  of  the  chihlren  attacked  with  diphtheria 
(contacts)  was  deemed  to  be  sufficient  :  but  iu  consequence  of  the 
results  obtained  by  this  method  it  was  decided  (starting  from  January, 
1896)  to  inject  all  children  who  came  into  the  hospital.  During  the 
first  period  tliere  still  occurred  a  few  ciises  of  diphtlieria  contracted 
in  hospital^  but  from  the  moment  systematic  and  general  vaccinations 
were  introduced  not  a  single  new  case  occurred. 

The  immune  condition  of  the  vaccinated  children  is  maintained 
for  three  to  four  weeks.  After  this  lapse  of  time  some  of  them 
contiacted  diphtheria.  But  it  was  sufficient  to  introfluce  revacci- 
nation at  the  end  of  this  period  to  prevent  the  outbreak  of  anj 
further  case  of  diphtheria  in  Heubner's  wards.  Results  quite  as 
fuvijunxble  and  as  convincing  were  obtained  in  tl»e  department  for 
children  attacked  by  scarlet  fever. 

The  amount  of  serum  injected  varied,  but  it  was  usually  given  : 
doses  of  1  C.C,  containing  from  200  to  250  le.  (immimising  units 
Ehrlich),  The  serum  was  always  found  to  be  innocuous  except 
certain  ca-ses  where  it  set  up  erythemata  of  greater  or  less  extension. 
In  400  injections  20  cases  of  these  exanthemata  were  produced,  that 
is  to  say  4'34  %•  The  frequency  of  these  complications  wajs  not  pro- 
portional to  tho  amount  of  serum  injected.  According  to  the  figures 
communicated  by  Lofir  tlie  largest  doses  of  the  serum  emj)loyed 
did  nitt  produce  exanthemata  more  frequently  than  did  the  smaller 
quantities.  Thus  117  injections  of  1  c.c.  only  were  followed  in  five 
cases  by  these  erythemata,  which  corresponds  to  4'27  per  cent.  The 
hope  of  diminishing  the  frequency  of  the  exanthemata  by  dimiidshing 
the  amount  of  serum  injected  was  therefore  not  realised.  Thi« 
fact  lends  support  to  the  conclusion  above  foi-mulated  as  to  the 
exaggenition  of  the  importance  of  the  measurement  of  serum.  If  it 
could  be  established  that  small  quantities  of  serum  rich  in  antitoxin 
caused  cutaneous  eruptions  less  frequently  than  did  str<inger  doses 
[524]  there  would  certainly  be  a  great  adviuitage  in  using  serums  contiining 
a  very  large  number  of  immunising  units  for  vaccination.  Perhaps 
serums  having  a  great  antimicrobial  power  but  of  comparativelv 
low  antitoxic  potency  might  even  reuder  gi-eat  service  in  protective 

'  Bee  the  rapurt  by  Lôbr  in  Jaiirb.f.  Kinderh.,  Leipzig,  lb96,  fid.  x'rTii^  &  til. 
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treatment    Future  researches  undertaken  in  this  direction  alone  can 
give  us  iuformation  on  this  subject. 

In  1896  the  vaccinations  in  Ileubner's  wards  were  discontinued, 
but  the  reappearance  of  diplitlserra  in  1897^  rendered  their  recom- 
mencement necessary.  G(JU  children  were  vaccinated  eacli  witli  200 
immunising  units.  FuHowiiig  tliis  no  case  of  diphtheria  broke  out 
The  entptions  were  rare  and  slight 

The  increasing  extension  of  the  useofantidiphtheriu  serum  for  the 
cure  of  the  disi-juse  after  it  has  broken  out  lias  led  to  a  greater  de- 
velopment in  its  use  as  a  preventive  measure.  Thus,  in  the  countries 
where  diphtheria  is  endemic,  vaccinations  by  serum  are  now  practised 
very  extensively.  In  Russia,  which  is  one  of  the  great  hotbeds  of  this 
disease,  vaccinations  by  antidiphtheria  serum  are  fi*equently  practised. 

At  the  Congi-ess  of  Russian  doctors  at  Kasan  in  189G,  Vissotsky 
comumnicated  the  result  of  2,185  vaccinations  which  gave  a  morbidity 
of  V3  "1^,  a  morljidity  that  must  be  regarded  as  very  low  indeed. 
A  well-known  Russian  physician  for  children's  diseases,  Rauchfuss*, 
who  cites  these  figures,  has  collected  several  other  facts  concerning 
the  prophylactic  injections  of  autidiplitheria  serura  followed  by  good 
results.  In  the  government  of  Woronetz,  according  to  the  state- 
ments of  Ouspeusky^,  out  of  738  vaccinated  persons  diphtheria 
occurred  in  2'2  per  cent-,  which  again  may  be  considered  a  favourable 
result  es[)ecially  if  we  take  into  account  the  great  extension  of 
diphtheria  in  this  country.  In  Podulia,  out  of  uA7  children  vacci- 
nated in  1895,  only  four  cases  of  diphtheria  occurred,  a  morbidity 
of  074  °/^.  In  the  government  of  Kherson,  one  of  the  great  centres 
of  diphtheria  in  southern  Russia,  the  results  api^ear  to  be  less 
favourable  :  out  of  543  children  which  received  a  protective  inocu- 
lation, 21  contracted  the  disease  (or  4'6  per  cent),  of  which  five  died. 
If  we  stiuly  these  statistics  more  closely*  it  M'ill  be  seen  that  these 
results  are  far  from  being  unfavourable.  The  protective  inoculations  [525] 
were  made  only  once  and  with  somewhat  sniall  doses,  nevertheless 
many  of  the  cases  of  diphtheria  broke  out  only  at  a  late  period,  some- 
timee  more  than  nine  months  after  the  injections  had  been  made. 
Now,  it  is  proved  that  these  injections,  although  very  efficacious, 


•  8ee8la»»yk,Z)*«rf»cA«>ncrf.  TTchmcfir.,  Leipzig,  1898,  8.  3.V 
»  **Le9  progrès  dans  l'application  du  sérom  antidiphtheriqiie,*  8t  Pôtersbourg, 
1$9S  P'  I^^  '>"  Rosnan). 

»  Vrth-h,  .St  Pétersbourç,  1900,  p.  1178  (in  Ruasian). 

«  Chroti.  mid.  </.  goueom.  Je  K)ter»t,i,,  1896,  So,  6,  p.  160  (in  Russiau)^ 
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produce  their  action  for  a  very  short  time  only,  for  a  few  weeks  at 
moat  Of  the  five  fatal  cases,  four  did  not  occur  until  2,  4i,  6,  and 
9^  months  respectively  after  tlie  protective  inoculation.  It  is  im- 
possible to  look  upon  these  statistics  as  affording  proof  of  the 
ineflRcacy  of  the  serura.  The  fifth  case  is  the  only  one  that  occurred 
wittiin  a  short  time  (15  days)  of  the  injection,  and  in  this  insUmce:^ 
only  150  immunising  units  had  been  injected, 

A  detailed  study  of  tlie  other  examivles  of  antidiphtheria  inocu 
lations  in  the  government  of  Kherson  leaves  a  very  favourable  im  ^ 
pression.    Out  of  90  children  inoculated  by  Wecker*  in  the  districr^ 
of  Ëlisabctgrad  not  a  single  one  contracted  diphtheria,  which  is  tU^ 
more  remarkable  as  at  the  time  of  the  inoculations  there  existed  in 
the  same  families  14  cases  of  diphtheria;  the  chances  of  contamina  tion 
were  thus  great 

Recently,  on  the  occasion  of  the  outbreak  of  a  great  epidemic  in 
Paris,  the  question  of  vaccinations  by  serura  was  again  raised  and 
earnestly  discussed  at  the  Paris  Hospitals  Medical  Society  and  at  the 
Society  for  the  Study  of  Children's  Diseases.  Voisin  and  Guinon' 
communicated  the  history  of  an  epidemic  amongst  the  stafi^  at  the 
Salpétricre  Hospittd  in  the  wards  of  idiot  children,.  " against  wbicl» 
pi'otective  serum  treatment  was  remarkably  effective  and  absolutely 
innocuou-*'."  The  scrum  was  injected,  in  the  case  of  children  more 
than  10  years  of  age,  in  10  c.c.  doses,  and  into  the  rest  in  6  cm.  do«e*, 
This  measure  brouglit  aboxit  first  an  abatement  and  then  cessation 
of  the  epidemic.  The  immunity  after  a  single  injection  lasted  firom 
two  to  three  weeks,  and  the  few  cases  of  diphtheria  which  broke  ont 
amongst  the  infected  children  were  distinguished  by  their  great 
mildness.  Erythemata  and  other  post-injection  complications  were 
insignificant,  so  that  the  protective  use  of  the  serum  was  fiilly 
justified.  Only  a  small  minoiity  of  the  medical  men  who  took  part 
in  the  discussion  spoke  against  the  antidiphtheria  vaccinations; 
once,  indeed,  a  reference  was  made  to  the  case  of  Langerhans's  child, 
although  its  death  was  certainly  not  due  to  the  serum.  It  is  true 
that  in  families  where  it  is  possible  to  keep  the  children  under 
careful  observation  and  to  intervene  at  the  appearance  of  the  first 
[526]  symptoms  of  diphtherii^  the  preventive  injections  may  be  dispensed 
with,  but  in  practice  these  favourable  conditions  are  rarely  realised, 


'  CTifon.  melt  d.  çourern.  d»  KTurfon,  1896.  No.  19,  p.  743. 
*  Bail,  et  mém.  Hoe.  méd.  de*  Hop.  de  Paru,  1901,  p.  ôbO, 
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the  prophylactic  serum  treatment  is  then  of  great  serrice  in 

treventiug  the  outbreak  of  the  disease. 
Netter^  communicated  to  the  Society  of  Pediatrics  a  summary 
r  32,484  observations  on  the  prophyhictic  injection  of  uiitidiphtheria 
jnim.  Of  this  number  192  cases  were  noted  iit  wliicli  the  diphtheria 
roke  out  in  spite  of  the  injections,  correspoiidiug  to  0'6  per  ceuU 
of  those  treatefl.    These  figures,  however,  inchidcd  all  ciiscs  of  the 

I  disease  which  occuiTed  up  to  tliirty  days  after  the  injection.     Now, 
|he  iramuuity  is  often  less  durable  than  this,  and  it  may  dis;ippear 
tanore  or  less  completely  twenty  days  and  sometimes  even  fifteen  days 
kfter  vaccination. 
I     Netter  himself   made   great  use  of  antidiplitheria  vaccination. 
ft  was  his  custom  to  propose  to  the  parents  either  a   protective 
loculation   at  once  or  a  systematic  precautionary    bacteriological 
amination  of  the  throats  of  the  children  not  yet  attacked.     He 
gards  the  first   method   as  prefenible.    According   to   the  latest 
tistics  which   he  was   kind  enough   to  communicate   to  me,  of 
62  children  (in  50  families),  91  of  whom  received  protective  inocu- 
atiouH,  not  one  contracted  dijihtheria  :    whilst  in  239  other  families 
where  the  children  had  not  been  inoculated  there  were  52  cases  of 
diphtheria,  with  10  deaths.     Many  practitioners  in  Paris  have  now 
pronounced  themselves  in  favour  of  protective  ityections  of  the  serum, 
and  the  Society  of  Pediatrics,  at  its  meeting  on  11th  June,  1901, 
concluded  the  discussion  of  this  question  by  proposing  the  following 
resolution:    "The  Society  of  Pediatrics,  affirming  that  protective 
inoculations  present  no  serious  danger  and  confer  a  very  considerable 
amount  of  immunity  for  some  weeks,  recommend  their  use  when 
children  are  gathered  together  in  numbers,  and   in  families  where 
a  scientific  supervision  cannot  be  maintained." 

The  large  amount  of  evidence  collected  on  this  question  leaves  no 
doubt  as  to  the  real  efficacy  of  vaccinations  by  antidiphtheria  scrum. 

The  summary  of  the  results  obUiinc<l  by  vaccination  in  the 
13  diseases  of  man  and  of  animals  I  have  just  placed  before  my 
readers  cannot  pretend  to  serve  as  a  detailed  guide  to  propliylactic 
practice.  My  object  has  been  merely  to  concentrate  into  one  chapter  [C27l 
the  principal  data  upon  which  this  very  imjKirtant  question  rests,  to 
bear  witness  to  the  progress  which  has  already  been  realised,  and  at 
the  same  time  to  show  that  the  scieutilic  study  of  immunity  is  in 

>  BhU.  Soc.  d.  Pédiatr.  dé  Paru,  1901,  mai  et  juin. 
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very  intimate  relation  with  its  practical  application.  It  is  evident 
that  the  road  is  far  from  traversed  to  its  terminus,  for  there  are 
many  infective  diseases  in  which  vaccinations  cannot  be  employed, 
but  it  is  none  the  less  certain  that  the  path  which  has  led  to  so 
many  important  and  useful  results  should  still  be  followed  in  studying 
problems  which  up  to  the  present  we  have  been  unable  to  solve. 


HISTORICAL  SKETCH  OF  OUR  KNOWLEDGE 
ON  IMMUNITY 


Mothnda  used  by  gavii^  races  for  vaccination  against  snake  venom  and  ag^nst 
IkivIho  pluuroptioumunia. — Variolisiition  and  vaccination  against  small-pox. — 
Discovery  of  the  attenuation  of  viruses  and  of  vaccinations  with  attenuated 
uiicro-organisins. — Theory  of  tlio  exiiaiistion  of  tlie  medium  as  a  cause  of 
acquired  immunity. — Theory  of  substances  which  prevent  the  multiplicntion 
of  miero-orgaoisms  in  the  refractory  body. — Local  tbcnry  of  immuuity. — Theory 
of  the  adaptation  of  the  cells  of  the  immunised  orgauiAm, 

Observations  on  the  presence  of  micro-organisms  in  the  white  corpuscles, — History 
of  phagocytosis  and  of  the  theory  of  phagocytes. — JIumerous  attacks  upon  this 
thciiry. — Theory  of  the  bactericidal  property  of  the  body  Quids. — Theory  of  the 
antitoxic  power  of  tho  body  fluids. — E.xtracellul^ir  destruction  of  micro- 
organisms.— Analogy  between  bacteriolysis  and  haemolysis. — Theory  of  side- 
chains. 

Progress  of  the  theory  of  phagocytes. — Attempts  to  reconcile  it  with  tho  humoral 
theor}'. — Present  phase  of  the  question  of  imiuuuity. 

As  protection  against  disease  ifl  one  of  the  most  important  amongst 
those  questions  which  are  engrossing  the  attention  of  humanity,  it  is 
natural  that  very  great  attention  should  have  been  devoted  to  it 
from  the  most  remote  times.  We  see  primitive  races,  the  ordinary 
layman,  me<iical  men,  legislators  and  even  the  most  subtle  thinkers 
devoting  their  energies  to  the  solution  of  the  problem  of  immunity 
ngainst  poisoning  and  against  infections.  Historical  science  will 
never  reveal  to  us  the  earliest  sources  of  our  knowledge  on  this 
question,  so  remote  are  their  origins.  The  wide  disitribution  of 
several  methods  fur  protecting  man  and  cattle  against  certiiiu  diseases 
clearly  proves  that  the  origin  of  this  practice  dates  from  a  very  early 
peiioil. 

Tho  frequency  of  venomous  snakes  in  many  countries  has  inspired 
a  dread  of  these  reptiles,  and  this  must  have  led  to  the  search  for 
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after  the  pafient 


some  nietliod  of  figliting  against  the  poisonin 
had  been  bitten.  Thus,  we  find  that  many  primitive  races  make  use 
of  various  methodg  of  immunising  the  body  against  tlie  action  of 
[529]  venom.  The  Portuguese  colonel,  Serpa  Pinto',  in  a  letter  addressed  to 
d'Abbadie,  describes  the  method  by  which  lie  was  vaccinated  by  the 
Vatuas,  natives  of  the  east  coast  of  Africa.  These  savages  extract 
the  poison  of  snakes  and  prejiare  from  it,  by  the  addition  of  vegetable 
sulistiinccs,  a  very  brown  glutinous  paste  which  they  introduce  into 
incisions  made  in  the  skin.  This  operation  is  very  painful  and  is 
followed  by  a  swelling  which  lasts  for  a  whole  week.  The  Vatiias 
assert  that  this  method  confers  a  sure  immunity  against  the  venom. 
Serpa  Pinto  was  never  bitten  by  a  snake,  but,  a  short  time  after 
he  had  becTi  vaccinatcdj  he  was  stung,  in  the  Seychelles  Islands,  bv 
a  scorpion  without  experiencing  any  ill  effects.  This  experience 
confirms  the  assertion  of  the  Vatuas,  because  it  has  been  shown  that 
the  vaccine  against  snake  venom  is  also  efficacious  against  the  bite 
of  scorpions.  Tlie  fact  that  after  being  stung  by  another  scorpion 
ten  years  later  Sei-pa  Pinto  was  so  ill  that  for  eight  days  he  believed 
that  he  was  going  to  die  or  at  least  to  lose  an  arm,  shows  that  he  did 
not  enjoy  uatural  immunity,  and  the  innocuousness  of  the  previous 
bite  must  therefore  be  attributed  to  a  vaccination  the  effect  of  which 
hatl  disapitcared  at  the  end  of  ten  years. 

Another  vaccinal  method  used  by  primitive  races  is  that  against  tli 
pleuropneumonia  of  the  Bovidac.     De  Rochebrune-  points  out  th 
the  Moors  and  the   Pouls  of  Seneganibia  have  "a  custom   whose" 
origin  is  lost  in  the  obscurity  of  antiquity"  which   consists   in  th 
inoculation  into  their  herds  of  cattle  of  the  virus  of  the  epizoo 
pleuroi>neumonia.     "The  point  of  a  knife  of  primitive  form,  or  ol 
a  dagger,  is  plunged  into  the  lung  of  an  animal  that  has  died  from 
the  disease  and  an  incision,  sufficient  to  allow  the  virus  to  penetrate 
below  the  skin  of  the  healthy  animal,  is  made  into  the  9upraiui«»l 
region.     Experience  has  demonstrated  the  success  of  this  protective 
operation." 

In  Europe,  the  vaccinations  of  cattle  with  the  vims  of  pleuro-' 
pneumonia  have  certainly  been  known  for  more  than  a  century,  for, 
ill  a  pamphlet  published  at  Berne  in  1773^  mention  is  made  of  the 
"inoculation"  of  Bovidae  as  a  means  of  preventing  the  disease  in 

"  Compt.  rend.  Acad.  <L  tc,  Paris,  1896,  t  oxxn,  p.  441, 

'  Compt.  rend.  Acad.  d.  tc,  Paris,  188.%  t  o,  p.  659. 

■  Tliis  panjphlet  has  been  reprinted  iu  the  Bee.  de  mid.  vet.,  Paria,  18S6,  p.  C24. 
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înc:land    ami    in    IloUantl,  a   disease    against  which   it  haa  been 
recogniseil   that   remedies  are  powerless. 

The  inoculation  of  the  variolous  virus  into  the  healthy  human  [630] 
subject,  which  conies  into  the  same  category  as  the  inoculation  of  the 
lileuropneumonic  virus  into  liealthy  bovine  animals,  is  also  a  widely 
extended  and  very  ancient  method.  The  Chinese^  assert  that  they 
have  known  from  the  commencement  of  the  11th  century  the  method 
of  immunising  against  sniall-pox.  Amongst  them,  as  amongst  the 
Siamese,  the  matter  from  the  variolous  scab  is  introduced  into  the 
nostrils.  In  Pei-sia  variolisation  is  pmctised  by  surgeons  and  by  the 
ptaffs  of  bathing  establishments,  who  ifitroduce  the  powdered  scabs 
into  scratches  in  the  skin.  The  Ashantis  inoculate  the  variolous  virOB 
into  seven  places  on  the  arms  and  legs.  According  to  the  account 
of  Timoni,  a  Greek  physiciati  practising  in  Constantinople  in  the  first 
half  of  the  IBth  century,  the  Circassians  and  Creorgiaii?,  intent  upon 
preserving  the  beauty  of  their  daughters,  make  punctures  at  various 
points  in  the  skin,  with  needles  charged  with  variolous  virus.  Every- 
body is  acquainted  with  the  fact  that  it  was  from  Constantinople 
that  Lady  Mary  Wortley  Montague  at  the  same  period  (1721),  im- 
ported into  Europe  "the  Greek  method,"  which  consisted  in  the 
inoculation  of  the  contents  of  smallpox  pustules  with  the  object  of 
producing  a  benign  small-pox  and  of  protecting  the  vaccinated 
person  from  severe  and  dangerous  smallpox.  This  practice  was 
widespread  in  Europe  during  the  second  half  of  the  10th  century, 
but  as  it  was  not  unattended  by  serious  drawbacks  an  attempt  was 
made  to  avoid  them  by  the  employment  of  all  kinds  of  meilica- 
ments.  As  these,  however,  were  foun<l  to  be  entirely  ineffective,  the 
need  was  felt  of  replacing  variolisation  by  some  more  benign  method. 
It  is  asserted*  that  in  Baluchistan  the  custom  of  having  cows 
suflering  from  cow-pox  milked  by  children  who  had  wounds  on  their 
bands  has  been  widespread  from  time  immemorial.  This  practice 
conferred  upon  these  children  an  immunity  against  8mall-|>ox.  It 
cannot  be  denied  that  the  idea  of  being  able  to  vaccinate  with  cow- 
pox  was  common  knowledge  amongst  breeders  and  dairymen  in  several 
countries  in  Europe,  especially  in  England,  Franco,  and  Germany. 
It  is  stated  that  Edward  Jenner  learnt  from  the  country  people  of 
his  native  county  of  Gloucestershire    that   contact  with  cow-pox 

>  BnrtheU,  "  Die  Medicin  der  Naturvôlker."  Leipzig,  1893,  S.  128;  Pogel,  "Ein- 
fubrun^  in  die  Ue«cbichte  der  Mwliciti,"  Berlin,  1898,  S.  313. 

'  H&ser,  ''Leiiibuch  der  Geschichto  der  Medicio,"  3te  Aafl.,  Je&a,  1U8I,  Bd.  ii. 
&  107& 
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protected  against  small-pox.  Beïnç  a  man  of  great  understanding  an< 
culture,  he  set  himself  to  verify  this  opinion  experimentally.  Having 
[.■jsi]  demonstrated  by  a  great  number  of  experiments  that  the  inoculatioD  of 
variolous  virus  into  persons  vaccinated  by  cow-jjox  had  no  ill  residt, 
he  became  the  great  propagandist  of  the  new  method.  He  worked 
at  this  subject  for  20  years  but  only  decided  to  publish  his  result*  (in 
1798)  after  he  had  completely  satisfied  himself  of  the  great  utility 
of  vaccination  with  the  virus  of  cow-pox.  At  first  Jenner's  discovery 
met  with  great  opposition,  but  his  method  w;i8  soon  verified  in 
France  and  several  other  countries  and  it  was  not  long  before  it  was 
generally  practised. 

When  Pasteur  set  himself  to  study  the  infective  diseases  in 
their  relation  to  micro-organisms  the  idea  of  profiting  by  the 
discovery  of  these  pathogenic  organisms  and  of  drawing  from  them 
a  weapon  against  infections  soon  arose  in  his  mind.  He  studied 
Jeimer's  work  in  order  to  extract  from  it  any  indications  cai>able 
of  putting  him  into  the  right  \i&i\\.  He  induced  his  collaborators 
to  carry  out  several  seriea  of  experiments  with  the  object  of  immu- 
nising the  animal  organism  against  infeclive  micro-organisms.  During 
this  laborious  and  original  work  chance^  helped  in  the  accom- 
plishment of  his  task.  When,  at  the  conclusion  of  the  holidays  in 
the  autumn  of  18/9,  Pasteur  and  his  collaborators  Chamberland  and 
Itoux  wished  to  resume  their  expérimenta  on  fowl  cholera,  thoy 
found  to  their  great  surjmse  that  the  micro-organisms  of  this  disease, 
usually  so  fatal,  liad  become  innocuous.  Fowls,  that  received  doses 
of  cultures  much  more  than  sullicient  to  cause  death,  did  not 
ex|>erience  any  ill  effect  Prepared  by  his  previous  knowledge  and 
by  the  continual  direction  of  his  thoughts  to  the  prevention 
of  contagious  diseases,  Pasteur  divined  at  once  the  great 
bearing  of  this  clieck  in  his  inoculations  with  old  cultui'es,  and 
immediately  began  to  make  precise  experiments  as  to  the 
vaccinating  power  of  these  micro-organisms  which  had  become 
innocuous.  These  researches  led  him  to  the  discovery  of  two  great 
principles:  that  of  the  attenuation  of  viruses,  and  that  of  the 
vaccinating  property  of  attenuated  micro-organisms.  Various  me- 
moirs by  Pasteur^  established  these  laws  in  a  very  exact  manner; 
moreover  he  gave  all  the    infonnation  necessary  to  allow  of  the 
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1  See  VaUery-Radot,  "La  Vie  de  Pasteur,"  ?axU,  1900,  p.  427. 

»  Compt.  rend.  Acad.  d.  te.,  Paris,  1880,  t  xo,  pp.  839,  952,  1030;  t  xci,  pp.  571, 
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pnncîpal  results  being  controlled  and  verified.  In  France,  this  great 
discovery  was  at  once  accepted  by  various  investigators,  tliougb 
others  found  occasion  to  manifest  their  ecepticism.  Abroad  this  [6S2] 
discovery  met  with  very  lively  opposition  and  this  from  the  highest 
authorities,  who  would  not  recognise  the  possibility  either  of  attenuat- 
ing the  virus  or  of  conferring  immiuiity  upon  animals.  The  anthrax 
bacillus  can  be  grown  for  a  very  long  time  on  culture  media,  the  i)otato, 
for  exam]dc,  without  losing  its  pathogenic  power  in  the  slightest 
degree.  Therefore,  it  was  said,  this  attenuation  of  virus  can  have  no 
actual  existence.  Wiiite  rats  that  have  resisted  ono  or  more  inocu- 
lations of  the  anthrax  bacillus  may  die  from  a  later  inoculation  of  the 
same  micro-organism.  Therefore  there  is  no  acquired  immunity,  etc 
The  principles  laid  down  by  Pasteur  are  from  every  point  of  view  of 
such  prime  iinportance,  that  very  numerous  experiments  were  carried 
out  at  once  for  the  purpose  of  verifying  their  exactness  and  the 
contest  was  not  a  long  one.  In  the  course  of  a  few  years  it  was 
universally  recognised  that  the  attenuation  of  viruses,  and  also  tbe 
vaccination  by  attenuated  micro-organisms,  were  realities  which 
henceforth  cannot  be  denied  and  which  must  pass  into  the  domain  of 
truths  definitely  acquired.  An  attempt  was  then  made  to  extend  these 
fresh  victories  to  tlie  other  infective  diseases.  Pasteur,  Chamberland, 
and  Roux  applied  themselves  to  devising  a  method  of  vaccinating  ani- 
mals against  anthrax  and  against  rabic  virus  ;  Pasteur  and  Timillier 
extended  their  researches  on  this  subject  to  swine  erysipelaa. 
From  several  otiicr  quarters  tlie  search  for  vaccines  was  instituted. 
Toussaint  made  various  attempts,  at  times  crowned  with  success,  to 
immunise  animals  against  anthrax  by  means  of  lieated  anthnix  blood. 
Arloing,  Corne  vin,  and  Thomas  succeeded  in  vaccinating  tiie  Bovidae 
against  symptomatic  anthrax.  Loefller  was  the  first  in  Cermany  to 
demonstrate  tliat  rabbits  which  had  recovered  from  tlie  disease  set 
up  by  the  bacillus  of  mouse  septicaemia  acquired  an  immunity 
against  the  attacks  of  this  organism.  It  is  not  necessary  to  cite 
further  examples,  so  numerous  have  they  become  and  so  unanimously 

lonfii-matory. 

Aft'Cr  the  first  steps  had  l>een  taken  along  this  new  path  Pasteur 

nd  his  collaborators  began  to  apply  the  knowledge  they  had  gained 
to  the  preparation  of  vaccines  capable  of  giving  practical  results. 
The  two  anti-anthrax  vaccines  and  the  two  vaccines  against  swine 
erysipelas  were  the  fruit  of  these  attempts.  Here,  again,  numerous 
objections  were  raised  against  these  discoveries.    Sheep  which  had 
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[533]  received  enormous  quantities  of  the  bacillus  mny  die  from  anthrax  it» 
spite  of  the  two  Pasteuriaii  vaccines  and  from  that  it  was  wished  to 
conclude  that  these  vaccines  should  not  be  employed  in  practice 
protect  sheep  against  the  anthrax  fever.  The  results  of  experiments 
made  on  a  large  scale  in  various  parts  of  the  globe  have  demonstrated 
the  inadequacy  of  these  objections  and  these  questions  are  now 
regarded  as  definitely  settled.  ^^ 

So  large  a  number  of  investigations,  in  response  to  the  most  urgent  ^^ 
and  innuetliate  needs,  was  not  favourable  to  minute  researches  on  the 
meclianisiu  of  this  immunity  which  had  been  revealed  in  so  marvellou« 
a  fashion.  In  spite  of  this,  Pasteur  applied  liimself  to  the  solution 
of  this  problem  so  far  as  this  was  possible  under  the  conditions  iu 
which  he  carried  on  his  investigations.  He  thought  that  acquired 
immunity  was  the  result  of  the  impossibility  of  the  growth  of  a 
pathogenic  micro-organism  in  a  medium  iu  which  it  had  previously 
l>een  cultivated.  When  the  micro-organism  of  fowl  cholera  sets  up  in 
certain  individuals  a  disease  which  though  grave  is  not  fatal,  or 
when  the  attenuated  micro-organism  produces  a  simple,  transieut 
discomfort,  it  lives  in  both  cases  in  the  fluids  and  tissues  of  the 
animal.  This  existence  is  possible  in  consequence  of  the  absoqition 
of  certmn  nutrient  substances.  Once  these  substances  are  consumeil 
they  are  not  easily  renewed,  and  in  consequence  the  vaccinated 
organism  becomes  incapable  of  nourishing  the  special  micro-organism 
a  second  or  a  third  time.  To  support  this  brilliant  hypothesis  by 
precipe  facts  Pasteur  made  experitncnts  on  the  conditions  met  with 
in  the  develojjnient  of  the  niicro-tji-g<uiisni  of  fowl  cholera  in  viti-o. 
He  filtered  a  brotli  culture  of  this  nncro-organism  after  it  ha<l  grown 
luxuriantly  for  several  days,  and  into  the  fluid,  which  ha«l  now 
become  clear  and  transparent,  he  sowed  afresh  the  sjime  micro- 
organism. No  growth  took  place  and  the  fluid  remained  quite  clear. 
This  absence  of  development  might  be  explained  either  by  the 
presence  in  the  fluid  of  some  excreraental  substance  thrown  ofl" 
during  the  first  culture  or  by  the  absence  of  some  substance  indii»- 
pensable  for  the  nutrition  of  the  micro-organism.  Pasteur  exclude<l 
the  first  hypotliesisi  by  an  experiment  which  demonstrated  that  it 
is  sufficient  to  add  to  the  filtered  fluid  a  small  quantity  of  fresh 
nutritive  substances  to  enable  the  micro-organism  again  to  develop 
abumiantly.  It  is  therefore  to  the  absence  of  wome  element  essential 
to  the  existence  of  the  micro-organism  that  we  must  attribute  the 
immunity  enjoyed  by  animals  which  have  been  vaccinated  or  ivhich 
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laye  undergone  spotitiineous  cure.  This  is  how  Pasteur^  expressed 
liiiuself  on  this  point  :  "  the  muscle  which  hsis  been  much  affected  [534J 
has,  even  after  heixling  and  repair,  become  in  some  way  incaptible 
of  supporting  the  growth  of  the  micro-organism,  as  if  tlie  latter,  by 
a  previous  culture,  had  eliminated  from  the  muscle  some  j)rinciple 
that  life  does  not  bring  back  and  whose  absence  prevents  the 
development  of  the  small  organism.  There  is  no  doubt  that  this 
explanation,  to  which  the  plainest  facts  at  the  moment  lead  us,  will 
become  general  and  applicable  to  all  the  virulent  diseases." 

This  explanation  aj)peared  to  be  a  reasonable  one  to  several 
ibservers,  amongst  wlium  I  may  cite  Chauveau-,  the  distinguished 
author  of  important  works  on  viruses.  **  In  all  probability  this 
seductive  theory,"  says  Chauveau,  "  based  on  one  of  the  most  inter- 
e»«ting  of  those  clear  and  decisive  experiments  for  vvliich  Pasteur  is 
famous,  applies  to  the  majority  of  cases  of  immunity  acquired  by 
protective  inoculation."'  But  Chauveau  thinks  that  it  does  not 
explain  natural  immunity,  especially  that  of  the  Algerian  sheep, 
against  anthrax,  an  example  that  he  had  studied  on  sevcml  occasions. 
When  he  inoculated  into  these  animals  large  quantities  of  anthrax 
^cilli,  not  going  beyond  certain  limits,  the  sheep  resisted  perfectly  ; 
lut  injections  of  enormous  doses  were  nearly  always  capable  of 
overcoming  this  natural  inmiunity  of  the  Algerian  sheep  and  of 
inducing  in  them  a  fatal  anthrax.  Chauveau  thinks  that  this  fact 
is  best  explained  by  the  presence  of  an  inhibitory  subsUince  in  the 
blood  plasma,  whose  action  becomes  exhausted  when  distributed 
over  a  very  large  number  of  bacilli.  This  opinion  was  not,  however, 
shared  by  Pasteur',  who  raises  the  objection  that  natural  immunity 
can  really  be  produced  and  maintaiued  without  the  presence  of  this 
inhibitory  substance  from  the  fact  that  fowls,  which  exhibit  such 
marked  rasistancc  against  anthrax,  readily  contract  the  disease  when 
the  temperature  of  their  bodies  is  lowered.  Under  these  conditions 
it  is  unimaginable  that  an  iuhibitoiy  substance  has  distqtpeared  under 
the  influence  of  cold. 

The  controversy  existent  from  the  birth  of  theories  on  immunity 
shows  us  that  from  the  very  commencement  the  problem  was  found 
to  be  a  verj-  complex  one,  and  that  to  attack  it  in  a  satisfactory  way 
we  must  as  far  as  possible  multiply  and  deepen  our  study  of  the 
phenomeua  which  accom])any  the  resistance  of  the  auiuial  against 

*  Compt.  rend.  Acad.  d.  sc.,  Paris,  1880,  t  xc,  p.  247. 

*  Gotnpt.  rend  Acad.  d.  «&,  Paris,  18S0,  t.  xo,  p.  1626. 

*  Compt.  rend.  Acad,  d,  «c,  Ptuia,  18S0,  t  xct,  p.  630. 
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pathogenic  micro-organiRins.  Thus,  Chauveau*  was  not  long  before 
[635]  he  undertook  experiments  having  for  their  object  the  determination 
of  the  fate  of  anthrax  bacilli  when  ii^jected  into  the  blood  vessels  of 
Algerian  sheep.  He  found  that  these  organisms  disappeared  firom 
the  blood  at  the  end  of  a  few  hours,  but  they  were  then  to  be  found 
accumulated  in  the  lung,  spleen,  and  certain  other  viscera.  In  these 
positions  the  bacilli  become  incapable  of  reproducing  themselves  and 
in  refractory  individuals  soon  disappear,  being  opposed  by  the  inhibi- 
tory substances  of  the  blood  plasma. 

The  two  theories  just  sketched  have  this  point  in  common,  that 
they  both  attribute  the  natural  or  acquired  immunity  to  humoral 
and  purely  passive  properties.  According  to  one  theory  it  is  the 
impoverishment  of  the  fluids  of  the  animals  which  prevents  the 
development  of  the  pathogenic  organism,  whilst  according  to  the 
other  it  is  the  presence  of  some  bacterial  poison  which  brings  about 
the  same  result.  To  give  experimental  support  to  his  theory  Pasteur 
brought  forward  his  attempts  at  sowing  micro-organisms  in  culture 
media  exhausted  by  a  previous  development  of  the  same  organism, 
eliminating,  so  to  say,  the  active  influence  of  the  animal  organism. 
It  is  true  that,  in  order  to  explain  natural  immunity,  it  was  necessary 
to  ascribe  a  rôle  to  the  "constitution"  and  to  the  "vital  resistance," 
interpreting  this,  as  Naegeli  had  already  done,  in  the  sense  of  a 
competition  for  the  oxygen  and  the  nutritive  substances  between  the 
parasites  and  the  cells  of  the  body. 

Adopting  this  point  of  view,  Hans  Buchner*  a  pupil  of  Xaegeli, 
attempted  to  gain  a  more  precise  idea  of  the  conditions  under  which 
acquired  immunity  against  infective  diseases  is  set  up.  He  developed 
his  theory  in  various  publications  ;  this  theory  consists,  briefly,  in  the 
property  of  the  animal  organism  to  reinforce  the  local  resistance  of  the 
organs  by  means  of  an  inflammatory  reaction.  The  starting-point  of 
this  local  theory  is  the  thesis  that  each  pathogenic  micro-oi-ganism 
can  only  manifest  its  pathogeuic  action  when  it  enters  the  particular 
organ  in  which  it  is  capable  of  living  and  maintaining  itself.  Thus, 
the  pneumonococcus  can  live  in  the  lungs  only,  the  cholera  vibrio  in 
the  intestines  only,  and  so  on.  Every  time  that  a  pathogenic  micro- 
organism becomes  localised  in  its  special  organ,  an  inflammatory 
action  is  set  up  which  results  in  the  reinforcement  of  the  living 

*  Compt.  rend.  Acad.  d.  »e.,  Paris,  liSSO,  t,  XOI,  p.  680. 

*  "Die  Xaegeli'sche  Théorie  d.  Infectiongkrankheitea,"  Leipzig,  1877;  "Eine  neae 
Théorie  iiber  £rzieL  t.  Immunitat,"  MïmcheD,  1883. 
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elements  of  the  organ  in  question.  Inflammation,  therefore,  is 
regarded  by  Buchner  as  a  salutary  reaction,  which  acts,  not  directly  [636] 
on  tlie  exciting  morbific  cause,  but  through  the  mediation  of  the 
specific  cells  of  the  organs.  This  theory  of  immunity  led  Buchuer  to 
propose  arsenical  treatment  as  a  remedy  against  microbial  disesise, 
because  arsenic  is,  of  all  drugs,  the  one  capable  of  setting  up  the 
greatest  inflammatory  reliction. 

Another  German  observer,  Grawjtz^,  proposes  a  theory  of  acquired 
immunity,  according  to  which  a  first  attack  of  an  infective  disease 
sets  up   "the  adaptation   of  the   cells  to  the  power  of  energetic 

r'milation  of  the  fungi."  This  reinforced  adaptation  is  transmitted 
the  descendants  of  the  cells  which  have  aajuired  it,  and  for 
that  reason  the  immunity  may  persist  for  months,  and  even  years. 
Griwitz  attempted  to  base  his  views  on  experiments  on  the  acquired 
immunity  against  the  fungus  of  the  lily  of  the  valley,  but  Loeffler' 
soon  demonstrated  that  this  thesis  could  not  be  maintained,  and  that 
the  immunity  asstuneil  by  Grawitz  did  not,  in  reality,  exist. 

It  will  be  seen  that  all  the  theories  summarised  above  are  marked 
by  their  vague  character  and  want  of  precision  ;  this  is  not  at  all 
astonishing  when  we  take  into  consideration  the  very  imperfect 
knowledge  of  the  phenomena  of  immunity.  It  is  evident  that  if  we 
wish  to  gain  a  satisfactory  idea  of  the  mechanism  of  the  resistance 
of  the  animal  body  against  pathogenic  micro-organisms,  we  must 
inform  ourselves  as  to  the  modifications  which  take  place  in  the 
organs  and  tissues  at  the  time  of  the  acquisition  of  the  immunity, 
and  also  find  out  what  becomes  of  the  micro-organisms  in  a  refractory 

^mimaL 

^B  We  have  seen  that  Chauveau  demonstrated  tliat  anthrax  bacilli 
nrhen  injected  into  the  vessels  of  Algerian  sheep  disappear,  but  he 
was  unable  to  say  anything  as  to  the  way  in  which  tins  disappearance 
was  brought  about  in  nature.  Buchner  accepted  the  reinforced 
resistance  of  inflamed  organs  without  being  able  to  describe  the 
phenomena  which  manifest  themselves  during  the  inflammation  of 
tissues  inva<led  by  the  pathogenic  micro-organisms. 

Independently  of  these  theoretical  and  rather  speculative  views 
on  immunity,  there  has  been  an  addition  to  our  scientific  assets  of 
fairly  exact  data  on  the  relation  of  certain  pathogenic  organisms  to 
the  organs  and  tissues  of  susceptible  or  refractory  animals.    When,  as 


'   Virehoufê  Archie,  1881,  Bd.  lxxtiv,  8.  87. 

*  JUittL  (kcLk.  Gtndhttamte,  Berliu,  1381,  Bd.  I,  8. 134. 
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[637]  a  result  of  the  labours  of  Davaine  and  Obermeyer,  the  attention  of 
pathologists,  especially  of  those  working  at  pathological  histology, 
was  drawn  to  the  part  played  by  micro-organisms  in  infective  diseases, 
a  diligent  search  was  instituted  for  these  organisms  in  sections  of 
the  organs  of  persons  who  had  died  from  various  diseases.  Masses 
of  cocci  especially  were  found  in  the  organs  of  individuals  who  had 
died  from  diphtheria,  puerperal  fever,  and  various  forms  of  pyaemia. 
In  the  course  of  these  investigations  attention  was  drawn  fairly  fre- 
quently to  the  presence  of  micro-organisms  inside  the  white  coiposcles 
of  pus  and  of  other  morbid  products.  Amongst  the  first  to  make 
this  observation  I  may  cite  Hayem^  in  France,  and  Birch-Hirscbfeld*, 
Klebs,  Rindfleisch,  von  Recklinghausen,  and  Waldeyer  in  Germany. 
Klebs^  speaks  of  the  presence  of  micro-organisms  in  infected  wounds, 
in  the  interior  of  contractile  white  corpuscles,  and  attributes  to 
these  cells  the  principal  rôle  in  the  transport  of  these  parasites  in 
the  lymphatic  tissue.  Waldeyer*  cites  a  case  of  puerperal  fever  in 
which  the  corpuscles  of  the  peritoneal  pus  were  filled  with  bacteria. 
Similar  observations  were  by  no  means  rare  ;  and  they  led  to  a 
general  conclusion  that  micro-organisms  meet  with  such  favouraUe 
conditions  inside  the  leucocytes  that  they  would  contribute  to  thdr 
dissemination  through  the  body.  This  opinion  had  become  so  general 
that  when  Koch^  in  frogs  inoculated  with  anthrax  bacilli,  made  the 
discovery  of  round  cells  containing  large  numbers  of  these  micro- 
organisms he  did  not  hesitate  to  conclude  that  the  bacilli  found  a 
favourable  medium  in  the  substance  of  these  elements.  Now  the 
frog,  under  ordinary  conditions,  is  refractory  to  anthrax. 

As  early  as  1874,  however,  Panum*  had  given  expression  to  the 
view,  in  a  vague  fashion  it  is  true,  that  leucocytes  might  assist  in 
the  destruction  of  micro-organisms.  In  his  memoir  on  putre&ctive 
poisons  we  find  a  note  wherein  occurs  the  following  reflection: 

[538]  "  For  the  solution  of  the  question  as  to  how  and  in  what  situations 
the  ordinary  bacteria  of  putrefaction  disappear,  an  interesting  com- 
munication made  by  Birch-Hlrschfeld  seems  to  me  to  furnish  an 

>  Ccmpt.  rmd.  Soe.  de  hioL,  Paris,  1870,  p.  116  ;  Gaz.  hebd.  de  mid.,  Paris,  1871, 
p.  291. 

'  Abstract  in  Schmidt»  Jahrh.,  Leipzig,  1872,  Bd.  OLZ,  S.  97. 

*  "fieitrâge  zur  pathologische  Anatomie  der  Schusswunden,"  Leipdg,  187S. 

♦  Archie/.  Oynaek.,  Berlin,  1872,  Bd  in,  S.  293. 

»  Cohn's  Beitr.  z.  Biol.  d.  Pflanzen,  Breslau,  1876,  Bd.  n,  a  300. 

•  Virchouft  Arehiv,  1874,  Bd.  ix,  S.  347. 
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iittlicaiion.  According  to  tliis  observer  the  micrococci,  introduced 
into  the  circulation,  are  depoaited  in  the  lymphatic  glands  and  in 
the  spleen,  after  having,  for  the  most  part,  entered  into  the  blood 
corpuscles.  That  the  ordinary  bacilli  of  putrefaction  really  die  in 
the  body  is  proved,  not  only  by  the  circunisUmce  that  they  remain 
inactive  after  the  acute  paroxysm  of  putrid  intoxication  has  been 
happily  surmounted,  but  also  by  the  important  observations  made  by 
Eberth  on  the  innocuousness  of  the  inoculation  of  ordinary  bacteria 
into  the  coniea."  These  lines  contain  the  indication  that  the  cor- 
jmscles  of  the  blood  (in  this  case  undoubtedly  leucocytes)  ingest 
the  bacteria  introduced  in  the  blood  current  and  destroy  them. 

Some  years  later,  in  lfl"7,  GrawitzS  in  coiniection  with  his 
researches  on  the  parasite  of  the  lily  of  the  valley,  made  the  remark 
that  the  fungi,  'nhen  introduced  into  the  blood  of  mammals,  are 
Kcized  by  the  white  corpuscles  and  thus  "  withdrawn  from  contact 
with  the  assimilable  fluid-"  Gaule-  who,  as  we  know,  sought  to 
demonstrate  that  the  Drcpanidium  of  the  frog's  blood  is  nothing 
but  the  fragments  of  cell  nuclei  transformed  into  '  Wuruichen,'  lias 
described  the  structure  of  these  organisms  in  the  aniucboid  cells  of 
the  spleen.  "  I  happened  on  one  occasion,"  he  writes,  "  to  observe 
an  amoebocyte  of  the  spleen  of  the  fi-og  which  in  a  short  time  in- 
gested three  'Wiirmchen,'  and  then  went  away  briskly  without  leaving 
any  trace  of  where  it  had  been.  Following  its  movements  I  was 
able  at  the  first  to  make  out  within  the  contents  of  the  amoebocyte 
the  rcfractile  body  of  the  *  WUrmchen.'  But  this  body  became  paler, 
and  half-an-hour  later  it  had  been  completely  assimilated."  Un- 
doubtedly these  "WUrmchen"  were  nothing  but  parasites  {Dre- 
pau'uUiim),  and  have  no  connection  with  the  cell  nuclei  of  frogs. 
Their  ingestion,  followed  by  destruction,  was,  therefore,  a  defensive 
act  on  the  i>art  of  the  body  manifested  by  the  amoeboid  cells  of 
the  splenic  pulp. 

In  the  same  year,  1881,  in  which  this  observation  by  Gaule  was 
published,  Robcr^,  assistant  in  8urgei7  at  Marburg,  published  a  small 
punipidet  on  the  lower  animals.  In  tliis  pamphlet  the  possibility  of 
grOM'ing  ccrtiiiu  unicellular  organisms  in  urine  and  milk  and  the  [639] 
adaptation  of  these  organisms  to  saline  solutions  received  special 
_uieution.     At  the  end  of  one  of  his  paragraphs  Roser  expresses  his 

»  Virchowft  Archit,  1877,  Bd.  Lxx,  8.  546;  1881,  Bd,  Lxzxiv,  &  87. 

»  Archie  f.  Phytioi.,  Leipzig,  1881,  8.  308,  Taf.  v. 

'  "  Beitrugo  zur  Biologie  uiederster  Orgaaiuaeu,"  Marburg,  I88L 
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Tiewa  on  immunity,  although  this  subject  was  not  discussed  at  all 
his  pamphlet.    He  expresses  himself  thus  ;  "  The  immunity  of  auim: 
and  plants  in  complete  liealth  depends  in  my  opinion:  (1)  on 
relative  quantity  of  salt  contained  in  their  fluids,  and  (2)  on 
property  of  their  contractile  cells  of  ingesting  the  enemy  which  en 
the  animal  body"  (p.  IB).     As  these  statements  liave  been  put  for  ^B 
without  receiving  any  further  development,  in  tlie  midst  of  all  Ifin.« 
of  other  speeuhitions,  it  is  not  astonishing  that  the  words  I  have  j\j.^ 
quoted,  aa  well  as  Roser's  panphlet  itself,  should  not  have  attmc' 
the  attention  of  either  zoologists  or  medical  men.     In  the  reviews 
these  two  sciences  (Schmidt's  Jahrbucher  and  the  Zoologischer  Jah 
hi'richt  of  the  Zoological  Station  at  Naples)  it  is  not  even  meutio 
It  appears  that  not  only  did  other  biologists  and  medical  men  atl 
no  importance  to  Roser's  spéculations,  but  that  the  author  hinisel 
did  not  claim  any  great  value  for   tiiera.     I   draw   this  conclusion 
from  the  fact  that  five  years  after  Ins  first  pamphlet  he  published 
a  second  on  inflanim;ition  and  healing^  in  which  he  does  not  apply 
his  theory   of  immunity   to  explain   these  two  phenoiuena.     Tbii 
new  work  is  of  an  even  more  speculative  character  than  waa 
first,  and  instead  of  attempting  to  show  any  relation  between 
anti-infective  part  played   by  the   leucocytes  and  their  migration 
during  inflammation,  Roser  insists  on  the  fundamental  indepemleuw 
of  this  phenomenon  of  luealing.    For  hin\  the  inflammation,  accoi 
pjinied  by  diapedesis,  must  not  be  looked  upon  as  a  healthy  reacti 
of  the  body,  but  iis  a  manifestation  of  disease.    The  heat  which  i« 
observed  under  these  conditions  must  be  attributed  in  part  at  leaet 
to   the  production  of  heat  by  infective  micro-organisms.     I  mi 
confess  that  Roser's  two  pamphlets  were  unknown  to  me  for 
years,  and  it  was  Hueppe  who  drew  my  attention  to  them  by 
mentiou  of  them  in   the  fourth  etUtiou  of  his   work  on    bacterio^ 
logical  methods-  which  appeared  in  1089,     I  bad  theu,  indepeudentlj' 
of  the  Marburg  surgeon  and  by  a  totiiïly  tliflereut  path,  arrived 
my  conclusious  as  to  the  part  played  by  the  amoeboid  cells.    At 
commencement   of   my  researches  on  healing   and  immunity 
[5-10]  passages  citeil  above  from  the  publications  of  Panum,  Gaule,  anîl 
Grawitz  were  also  unknown  to  me.    Having  long  studied  the  problem 
of  the  germinal  layers  in  the  animal  series,  I  sought  to  gaiit  some 
idea   of  their   origin  and   eignificance.     The  part  played  by  the 

*  Rouer,  "Ueber  Enlstindung  nnd  Ueiliinç,"  Leipzig,  1886. 

s  «Methodea  der  BactGrieuTurscliuug,"  4<*  Aufi.,  Wiesbiulen,  1869,  S.  10. 
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tôaèrm  and  the  entoderm  appeared  quite  clear,  and  the  former 
might  quite  reasonably  be  regarded  as  the  cutaneous  investment  of 
primitive  multicellular  animals,  whilst  the  latter  might  be  regarded 
as  their  organ  of  digesli(»n.  The  discovery  of  intracellulav  digestion 
in  many  of  the  lower  animals  led  me  to  regard  this  phenomenon  sis 
characteristic  of  those  ancestral  animals  from  which  might  be  derived 
all  the  known  types  of  the  animal  kingdoin  (excepting,  of  course, 
the  Protozoa).  The  origin  and  the  part  played  by  the  mesodenu 
appeared  the  most  obscure.  Tiius,  certain  embryologists  supposed 
that  this  layer  corresponded  to  the  reproductive  organs  of  primitive 
animals  :  others  regarded  it  as  the  prototype  of  the  organs  of  loco- 
motion. My  embryological  and  physiological  studies  on  sponges  led 
rae  to  the  conclusion  that  the  mesoderm  must  function  in  the  hypo- 
thetically  primitive  animals  as  a  mass  of  digestive  cells,  in  all  points 
similar  to  those  of  the  entutlerm.  This  hypothesis  necessarily  attracted 
my  attention  to  the  power  of  seizing  foreign  corpuscles  possessed  by 
the  mesodennic  cells.  This  fact  has  long  been  recognised.  It  was 
known  that  the  white  corpuscles  of  the  Vertebrata  often  contained 
various  kinds  of  cells,  especially  red  and  white  blood  corpuscles-    It 

,fiaa  known,  also,  that  the  amoeboid  cells  were  capable  of  ingesting 

IPbinules  of  coloured  substances.  When  making  an  injection  of 
indigo  into  the  vessels  of  Thetya,  HueckeP  in  lfl5»  was  surprised  to 
find  the  blue  granules  inside  the  amoeboiti  lilood  corpuscles  of  this 
beautiful  gasteropod  moUusk.  This  fact  has  since  been  confirmed  by 
many  observers,  and  the  capacity  of  the  amoeboid  cells  to  take  up 
foreign  bodies  became  recogidsed  as  a  geneml  plienomenon.  Never- 
theless this  phenomenon  was  not  reg-arded  as  being  analogous  to 
digestion.  Thus  HaeckeF  himself,  in  hLs  researches  on  the  calcareous 
sponges,  advocated  the  view  that  the  foreign  bodies  penetrated 
into  the  interior  of  the   viscous   protoplasm   in   a  purely  passive 

Bib  ion. 

^■Observations  that  I  made  on  sponges  and  on  certain  pelagic  [su] 
animals,  transparent  and  of  simple  organisation,  convinced  me  that 
the  presence  of  foreign  cor|>u8cle8  in  the  amoeboid  cells  of  the  meso- 
derm must  be  attributed  to  an  active  ingestion  by  these  cells  which, 
in  every  respect,  might  be  compared  to  the  phenomena  of  intra- 
cellular digestion  in  the  epithelial  cells  of  the  digestive  canal  of 
many  of  the  lower  animals.     In  order  to   demonstrate  this  fact 

»  "Die  Radiolarien,"  Berlin,  1862. 
»  "Die  Kalkschwamme,"  Berlin,  1872, 
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clearly  it  was  necessary  to  bring  forward  exact  experunental  proo£ 
I  set  myself,  therefore,  during  my  stay  at  Messina  in  1882  and 
1883,  to  study  the  rôle  of  the  amoeboid  cells  of  the  mesoderm 
from  the  point  of  view  of  intracellular  digestion.  I  found  it  an 
easy  matter  to  demonstrate  that  these  elements  seized  foreign  bodies 
of  very  varied  nature  by  means  of  their  living  processes,  and  that 
certain  of  these  bodies  underwent  a  true  digestion  within  the  amoeboid 
cells.  My  principal  thesis,  that  is  to  say  the  idea  of  the  intimate 
relations  between  the  entoderm  and  the  mesoderm,  was  thus  fiilly 
coufirmed. 

Pondering  over  these  results,  which  were  quite  new  at  the  time, 
the  idea  suggested  itself  to  me  that  the  digestive  function,  so  pro- 
foundly rooted  in  the  mesodermic  elements,  must  play  a  part  in  many 
of  the  vital  phenomena  of  animals.  Starting  from  this  standpoint^  I 
succeeded  in  demonstrating  that,  during  the  very  complicated  meta- 
morphoses of  Echinoderms,  such  as  the  Synapteie,  the  amoeboid  cells 
of  the  mesoderm  fulfil  a  function  in  the  atrophy  of  numerous  larval 
organs.  I  have  never  prosecuted  any  medical  studies  ;  but  some 
time  before  my  departure  for  Messina  I  listened  to  the  reading  of 
Cohnheim's  treatise  on  General  Pathology,  and  I  was  struck  by  his 
description  of  the  facts  and  of  his  theory  of  inflammation.  The 
former,  especially  his  description  of  the  diapedesis  of  the  white 
corpuscles  through  the  vessel  wall,  seemed  to  be  of  momentous 
interest  His  theory,  on  the  other  hand,  appeared  to  be  extremdy 
vague  and  nebulous.  It  occurred  to  me  that  a  comparative  study  of 
inflammation  in  lower  animals  of  simple  oi^nisation  would  certainly 
throw  light  on  the  very  complex  pathological  phenomena  in  the 
Yertebrata,  even  in  the  frog  which  had  served  as  the  starting-point 
for  Cohnheim's  remarkable  experiments. 

Since,  in  the  atrophy  of  the  larval  organs  of  the  Synaptae,  the 
essential  rôle  is  accomplished  by  the  amoeboid  cells  of  the  mesoderm 
which  accumulate  and  unite  into  masses,  the  richness  of  inflammatoiy 
exudations  in  white  corpuscles  may  perhaps  signify  that  these  oop- 
[S42]  puscles  have  a  very  important  function  to  fulfil  This  reflection  led  me 
to  make  the  following  experiment:  to  wound  and  introduce  spines  be* 
neath  the  skin  of  very  transparent  marine  animals  ;  if  my  hypothesis 
should  be  well  founded  this  should  bring  about  an  accumulation  tX 
amoeboid  cells  at  the  injured  spot  I  selected  for  this  purpose  the 
large  Bipinnaria  larvae  of  star-fish,  so  abundant  at  Messina,  and 
inserted  prickles  of  the  rose  into  their  bodies.    Very  shortly  these 
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pickles  were  found  to  be  surrounded  by  a  mass  of  amoeboid  cells 
icli  as  we  see  in  human  exudation  as  tlie  result  of  the  introduction 
a  spine  or  other  foreign  body.    The  whole  process  took  place 
|itider  my  eyes  in  a  transparent  animal  possessing  neitlier  blood  nor 
ther  vessels,  nor  a  nervous  system.     The  first  point  was  settled, 
["be  inflammatory  exudation  must  be  considered  as  a  reaction  agiiinst 
kinds  of  lesions,  the  exudation  being  a  more  primitive  and  more 
icient  phenomenon  in  intlanimatiou  than  are  the  functions  of  the 
îrvous  system  or  of  the  vessels, 

I  know  quite  well  that,  at  the  period  when  I  made  my  researches 
1882),  pathologists  regarded  inflammation  as  the  consequence,  if  not 
Iways,  at  least  iu  the  majority  of  cases,  of  the  penetration  of  micro- 
rgaui^sms.  From  this  followed  the  conclusion  that  the  diapedesia 
id  accumulation  of  white  corpuscles  iu  inflammatory  diseases  must 
regartled  as  modes  of  defence  of  the  organism  against  micro- 
rganisms,  the  leucocytes  in  this  struggle  devouring  and  destroying 
le  panisitcs.  According  to  this  hypothesis  the  significance  of  in- 
immation  at  once  became  simple  and  clear.  With  the  object  of 
îrifying  my  hypothesis  I  began  to  make  experiments  on  the  lower 
limais,  80  abundant  in  the  Straits  of  Messina,  and  to  make  myself 
juainted  with  the  results  that  bad  been  obtained  iu  general 
"pathology  and  iu  pathological  histology.  A  perusal  of  Ziegler's 
realise  on  Pathological  Anatomy  made  it  clear  to  me  that  in  these 
inches  of  medical  science  there  had  long  been  accumulated  a  great 
lumber  of  observations  fitted  to  facilitate  the  acceptation  of  the  new 
hypothesis  on  inflammation  and  healing.  Numerous  and  wcll- 
Btablished  facts  on  the  absorption  of  extravasated  blood,  on  the 
ite  of  the  coloured  corpuscles  in  the  body,  on  the  presence  of 
licro-organisms  inside  leucocytes,  etc.,  confirmed  me  in  my  view. 
When  I  had  got  together  certain  information  and  a  uumber  of 
facts  in  support  of  my  hypothesis  I  communicated  the  results  to  my 
lamented  friend,  Kleinenberg,  at  that  time  Professor  in  the  University 
of  Messina.  Both  medical  roan  and  zoologist,  he  was  well  qualified  L^-^s] 
to  oUer  a  judgment  upon  the  matter  ;  this  judgment  was  favourable. 
Sometime  later  1  hail  the  great  pleasure  of  meeting  the  celebrated 
Professor  Virchow  at  Messina.  I  imparted  to  him  my  ideas  and  he 
vras  kind  enough  to  come  with  me  to  examine  my  preparations  of 
Bipiunaria  larvae  and  other  lower  animals  in  which  I  had  set  up  the 
phenomena  of  inflammation  without  the  assistance  of  nervous  or 
vascular  systems.    This  eminent  observer  greatly  encouraged  me  to 
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continue  my  investigations.  When  I  explained  to  him  my  view  that 
the  inflammatory  reaction  on  the  part  of  the  amoeboid  cells  could 
only  be  understood  by  accepting  the  hypothesis  that  the  white 
corpuscles  gave  chase  to  the  micro-organisms  and  destroyed  them, 
Virchow  replied  that  in  pathology  just  the  opposite  was  invariably 
taught  The  general  opinion  was  that  micro-organisms  were  certainly 
found  inside  the  leucocytes  and  that  they  made  use  of  these  cells  as 
a  means  of  transport  and  of  dissemination  through  the  body. 

During  my  stay  at  Messina  my  researches  were  limited  to  the 
lower  animals,  but  later  I  began  to  study  inflammation  and  the 
phenomena  of  infection  in  the  Vertebrata.  It  was  not  until  eight 
months  after  I  had  commenced  my  researches  in  this  direction  that  I 
decided  to  publish  my  results.  I  first  set  them  forth  in  an  address 
given  at  Odessa  before  the  Congress  of  Naturalists  and  Medical  Men 
in  1883.  Later,  they  were  published  in  a  special  article  inserted  in 
Claus's  Arbeiten  at  Vienna^  and  in  a  small  work  which  appeared  in 
the  Biologisches  Centralblatt\  I  sought  especially  to  develop  the 
idea  that  the  intracellular  digestion  of  unicellular  organisms  and  of 
many  Invertebrata  had  been  hereditarily  transmitted  to  the  higher 
animals  and  retained  in  them  by  the  amoeboid  cells  of  mesodermic 
origin.  These  cells,  being  capable  of  ingesting  and  digesting  all 
kinds  of  histological  elements,  may  apply  the  same  power  to  the 
destruction  of  micro-organisms.  In  order  to  support  this  conclusion 
I  introduced  various  kinds  of  bacteria  into  the  bodies  of  some  of  the 
lower  animals  and  I  demonstrated  that  they  were  ingested  and 
destroyed  by  the  amoeboid  cells.  It  was  evident,  however,  that  this 
proof  was  not  suflicient  I  then  set  myself  to  study  the  diseases  of 
small  Invertebrata  sufficiently  transparent  to  be  observed  directly 
under  the  microscope.  The  Daphniae,  those  small  Crustacea  so 
numerous  and  so  frequent  in  fresh  water,  furnished  me  with  a  favour- 
[544]  able  medium  in  which  to  study  a  real  struggle  which  takes  place 
between  their  leucocytes  and  the  spores  of  a  vegetable  parasite 
belonging  to  the  group  of  the  Blastomycetes.  In  many  cases  the 
amoeboid  cells  guarantee  the  integrity  of  the  animal  by  devouring  a 
large  number  of  these  spores  and  transforming  them  into  an  inert 
detritus.  In  other  cases,  on  the  contrary,  the  fungi  get  the  upper 
hand  in  the  struggle  ;  they  succeed  in  germuiating  and  in  overcoming 
the  resistance  of  the  leucocytes  by  reproducing  themselves  rapidly 

»  Jrb.  a.  d.  zool.  Imt.  d.  Unie.  Wien,  1883,  Bd  v,  &  141. 
*  Biol.  Cmtralbl.,  £rlangen,  1883,  Bd.  m,  8.  660. 
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and  by  killing  tliese  cells  with  their  poisons.    Tlie  history  of  this 
disease  and  of  this  struggle  was  published  in  Th'chow's  Archive. 

Some  time  afterwards  I  published  in  the  same  journal  my  work 
on  the  anthrax  bacillus",  in  wliich  I  attempted  to  demonstrate  that 
in  the  Vertebrata  also  the  invasion  of  pathogenic  micro-organisms 
sets  up  a  desperate  struggle  between  them  and  the  amoeboid  cells. 

In  these  four  works  I  mîule  use  of  the  term  "phagocytes"  to 
designate  the  amoeboid  cells  cajjable  of  seizing  and  digesting  the 
micro-organisms  and  other  formed  elements.  To  the  theory  based 
on  tins  property  of  the  defensive  cells  I  gave  the  name  of  "  theory  of 
phagocytes." 

I  thought,  as  already  mentioned  above,  that  the  observations  oa 
absorption  and  leucocytes,  wiiich  had  been  accumulating  for  yeai-s  in 
patliological  histology,  had  sufficiently  paved  the  way  for  a  favourable 
reception  to  the  idea  that  tlie  amoel>oid  cells  are  defensive  elements 
of  the  bo<ly  capable  of  guaranteeing  to  it  immunity  and  cure.  In 
this  I  was  mistiiken.  It  was  precisely  the  specialists  in  this  branch  of 
science  M-ho  from  the  first  manifested  the  most  lively  opposition  to 
tliis  theory. 

However,  in  the  Presidential  Address  delivered  before  the  66th 
meeting  of  the  British  Association  held  at  Liverpool  in  lliOG,  Lord 
Lister  said'  :  "  If  ever  there  was  a  romantic  chapter  in  pathology,  it 
has  surely  been  that  of  the  story  of  phagocytosis.*'  These  words 
encourage  me  to  put  before  the  reader  the  essential  features  of  this 
story. 

My  first  two  memoirs  published  in  18t{3  did  not  in  any  way 
attract  the  attention  of  the  medical  public  These  investigations 
bad  a  character  that  was  too  zoological  to  bo  noticed  by  patholo- 
gists. But  the  two  following  publications,  in  which  I  treated  of  the[M5] 
Daphnia  disease  and  especially  of  bacterial  anthrax,  immediately 
roused  severe  criticism.  Buumgarteu ',  the  well-known  patliologist, 
opened  the  battle  by  the  publication  of  a  review  of  my  researches 
on  phagocytosis.  Ile  attempted  to  sap  the  biisis  of  my  theory,  and 
not  contented  with  à  priori  arguments,  he  set  his  pupils  to  make 
a  series  of  researches  on  the  fate  of  micro-orgiinisms  in  the  refractory 

1   Virehote's  Arehh,  1884,  Bd.  xcvi,  S.  177. 

*  Virehottf»  Archiv,  1S84,  Bd.  xovn,  S.  Û02, 

*  H4ffi.  Brit.  Au.  Ado.  Sci,  London,  1896,  p.  26;  Jtev.  Sei4mt.,  Paris,  17  Octobre, 
1$S)6,  p.  493. 

*  Berl,  klin.  Wchntchr.,  1884. 
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animal.  Tliese  researches  resulted  m  several  theses  for  the  doctor's 
degree  "which  sought  to  demolish  every  point  of  the  theory  of 
phagocytosis. 

Later,  Baumgarten'  published  a  long  and  above  all  admiraW 
written  analytical  article  entitled:  "Zur  Kritik  der  Mctschnikoff'- 
schen  Phagocytentheorie,"  in  wliicli,  with  much  talent  and  wit, 
attempted  to  demolish  the  bases  and  conclusions  of  the  phagocyti( 
theory. 

Baumgarten  regards  the  precise  observations  which  I  had  beer», 
accumulating  for  some  years  as  incorrect  and  refuted  by  the  observa- 
tions and  experiments  of  his  pupils.  The  arguments  that  I  give  to 
justify  my  tlieory  are,  according  to  the  same  critic,  contrary  to  lo| 
and  to  tnith.  If  the  phagocytes  are  really  elements  destined 
guanintee  the  integrity  of  the  animal  organism  how  is  it,  as 
Baumgarten,  that  just  at  the  moment  of  greatest  danger,  when  the 
blood  and  the  tissues  are  invaded  by  the  micro-organisms,  tlie 
leucocytes  are  conspicuous  by  their  absence  ?  The  answer  that  there 
is  no  predestination  in  the  phagocytosis,  and  that  the  danger  is  the 
greater  the  more  feeble  the  phagocytic  reaction — a  fact  which  is 
perfect  liarmony  with  the  law  of  causes  and  with  the  principl 
of  the  evolution  of  species  according  to  Darwin's  theory — did  not 
satisfy  my  critic.  He  says  :  "  If  the  interpretation  which  Metschnikoff 
gives  of  the  activity  of  the  leucocytes  appears  to  be  ratlicr  the 
pnwluct  of  a  rich  imagination  than  the  result  of  the  objective  obser- 
vation of  the  seeker,  it  matters  little  that  his  account  of  the  develop- 
ineiit  of  the  leucocyte  in  what  he  wishes  to  see  in  it  should  be  in 
conformity  with  the  principles  of  the  theory  of  evolution  "  (p.  4). 

I  was  able  by  numerous  researches^  to  refute  point  by  point  the 
8]  objections  based  on  the  work  of  Baimigarten's  pupils,  but  that  did 
not  prevent  him  from  persisting  in  his  negation.  Only,  commencing 
by  writing  long  articles,  he  contented  himself,  later,  with  denying  the 
theory  of  pliagocytosis  in  small  annual  notes,  appearing  in  his  reviews 
of  works  on  bacteriology,  which  were  unsupported  either  by  ai*gum 
or  by  any  facts  mentioned  in  his  abstracts. 

Baumgarten's  example  was  followed  by  many  other  pathologisi 
Ziegler,   the  well-known  author  of  a   text-book    on    pathologii 
anatomy  that  has  certainly  had  a  wider  circulation  than  any  other 

»  ZUchr.f.  /din.  Med.,  Berlin,  188S,  Bd.  xv.  8.  1. 

'  VircAow't  Archit,  1888,  Bd.  oxnr,  8.  465;   ^«w.  do  Ftntt  Pasleur, 
1S90,  t  IT,  p.  35. 
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work,  vieorously  attacked  the  theory  of  phagocytosis.  As  it  was 
precisely  from  this  treatisse  that  I  ba«l  acquircil  my  knowledge  of  the 
large  number  of  facta  that  had  accumulat-ed  in  pathological  litera- 
ture on  the  part  played  by  leucocytes  in  resorption,  I  was  pcniniadcd 
that  Ziegler,  who  had  collected  these  statements,  wouM  be  one  of  the 
first  to  recognise  the  importance  of  phagocytosis  in  inflanmiation, 
healing,  and  immunity.  But  this  distinguished  pathologist,  in 
several  of  his  publications',  expressed  himself  very  vigorously 
■  against  the  phagocytic  theoij.  The  intervention  of  these  cells, 
according  to  him,  must  be  purely  accidental  and  their  rule  in  the 
defence  of  the  body  against  the  micro-organisms  very  insignificant. 
The  better  to  deraoustmte  this  thesis  he  caused  his  pupils  to  under- 
take investigations  on  several  infective  diseases,  and  these  young 
observers  all  arrived  at  the  same  residt.  that  phagocytosis  has 
nothing  to  do  with  the  struggle  of  the  animal  against  the  anthrax 
bacillus  or  against  the  bacillus  of  symptomatic  anthrax.  It  is  the 
less  necessary  to  enter  into  these  details  now  because  I  have,  in  tho 
preceding  chapters,  given  sufficient  proofs  of  the  incorrectness  of  the 
objections  advanced  by  Ziegler 's  school.  It  has  been  demonstrated 
most  conclusively  (by  Lubarsch's  researches,  as  well  as  by  many 
other  works)  that  in  anthrax  in  man  phagocytosis,  denied  by  one 
of  Ziegler's  pupils,  is  most  njarke*!.  It  is  likewise  well  known  from 
the  researches  of  Rutter,  Leclainche  and  Vallée,  as  well  as  from  my 
own  observations,  that  in  symptomatic  anthrax,  in  which  the  phago- 
cytic reaction  is  denied  by  another  of  Ziegler's  pupils,  it  is  a  very 
important  and  highly  developed  feature. 

The  opposition  emanating  from  another  eminent  pathologist, 
Weigert-,  j)articularly  impressed  me,  because  this  investigator  is 
known  not  oidy  to  be  an  observer  of  great  accuracy  but  to  possess 
a  mind  of  great  imagination  and  generalising  power.  In  several  [**"] 
papers  he  put  forward  his  utmost  ingenidty  to  demolish  the  phago- 
cytic theory  root  and  branch.  He  would  recognise  neither  the 
imjMsrtance  of  phagocytosis  in  healing  and  immunity,  nor  the  defen- 
sive function  of  the  giant  cells.  Weigert,  however,  contented  himself 
with  formulating  theoretical  objections,  and  no  works  directed  specially 
against  the  doctrine  of  phagocytosis  have  issued  from  his  laboratory. 
It  must  be  stated,  however,  that  although  there  has  been  such  oppo- 

^  "Lehrb.  d.  pathol.  Âiiat.,"  Jena,  2f*  Âufl.  ;  Beitr.  z.  ptUh.  Anal.,  Jena,  1889, 
Bd.  v.  a4l9. 

»  ForUclir.  d.  Med.,  Berlin,  1887,  Bd.  v,  a  732;  Ibid.,  1888,  Bd.  n,  8S.  83,  809. 
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eition  on  the  part  of  certain  of  our  most  eminent  patliologiats,  others 
amongst  them  have,  from  the  beginning,  expressed  themselves  in  more 
favourable  terms.  Tluis,  Vrrchow^,  in  an  introductory  article  in  the 
101st  volume  of  his  Archiv,  continued  his  friendly  attitude  with 
regard  to  the  works  on  plmgocytic  defence  and  spoke  of  them  as 
opening  up  a  new  field  of  research.  Ribbert-,  in  a  series  of  publi- 
cations, maintained  the  importance  of  the  phagocytes  in  the  resist- 
ance offered  by  tlie  animal  to  the  aggression  of  micro-organisms, 
and  pointed  out,  especially  in  connection  with  the  diseases  set  up 
by  the  stîi.phylococci,  the  frequency  of  the  ingestion  of  these  parasites 
by  the  leucocytes.  He  insists  specially  on  a  modification  of  the 
phagocytic  reaction,  which  consists  in  the  accumulation  of  whit« 
corpuscles  around  the  centre  of  microbial  infection.  lu  these  cases, 
without  the  occurrence  of  any  real  ingestion  of  the  micro-organisms 
into  the  substance  of  the  phagocytes,  these  organisms  may  iiave  their 
morbific  manifestation  hindered  by  the  assemblage  of  the  white 
corpuscles.  It  is  needless  to  insist  that  this  act,  which  I  referred 
to  in  my  first  work  in  1883,  constitutes  the  prelude  to  a  true 
phagocytosis  an<l  is  closely  bound  up  with  this  defensive  phenomenou. 
Another  pathologist,  Iless*,  supports  the  theory  of  phagocytosis  by 
confirmatory  researches  of  great  value. 

The  pathologists  who  were  adversaries  of  the  phagocytic  theory 
combined  their  efibrts  to  demolisti  it,  without  troubling  themselves 
to  replace  it  by  any  other  theory  of  defence  on  the  part  of  the  body 
which  might  more  easily  be  made  to  accord  with  tjjeir  principles 
and  their  statements.  Bauragarten  certainly  tried  to  prove  that 
micro-organisms  perish  in  cases  where  immunity  is  produced  or 
healing  occurs,  notas  the  result  of  the  pliagocytic  reaction  or  of  any 
other  manifestation  on  the  part  of  the  menaced  animal,  but  simply 
"of  themselves"  (von  eelbst),  that  is  to  say,  they  have  simply 
accomplished  the  normal  cycle  of  their  existence  and  die  a  natural 
[548]  death,  this  bringing  about  healing  and  immunity.  As  nray  be  rejidily 
understood  he  was  unable  to  bring  forward  the  slightest  evidence 
of  the  correctness  of  this  hypothe:^i!H,  which,  1  believe,  lias  never  been 
accepted  by  anyone,  nor  even  been  defended  by  its  author.  In  this 
respect  the  attacks  directed  against  the  theory  of  phagocytosis  by 
bacteriologists  have  been  of  a  very  diilerent  character.    2<fot  content 

»   Virdwur's  Archiv,  18S5,  Bd.  ci,  S.  12. 

•  Deutsche  nud.  IVehmchr.,  Leipzig,  1890,  8.  690. 

»  Virchote'ê  Archiv,  1887,  BtL  cix,  S.  3Ô3. 
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with  overturning  this  liypothesis,  these  observers  have  80ugl)t  to  build 
upon  its  ruins  new  theories  capable  of  ofiFering  a  better  explanation  of 
the  phenomena  of  immunity.  I  must  here  confess  at  the  outset  that 
these  attacks  have  been  much  more  importimt  than  those  coming 
from  the  patliologists  and  pathological  anatomists,  and  have  led  to 
discoveries  of  tlie  greatest  value. 

One  of  Fodor's  experiments  ^  one  not  altogether  new,  served  as  the 
int  of  departure  for  much  work  and  for  a  large  series  of  objections 
directed  against  the  phagocytic  theory.  The  Hungarian  investigator 
found  that  the  defibriuated  blood  of  the  rabbit  was  capable  of 
destroying  in  vitro  a  great  number  of  anthrax  bacilli.  From  this 
it  wtis  concluded  that  the  fluids  of  the  living  body  [Kjssessed  a 
bacterici<lal  power  sufficient  to  explain  the  immunity  against  infective 
niicro-orgjmisms.  The  destruction  of  the  anthrax  bacillus  by  defibri- 
nated  blood  was  confirmed  by  a  young  American  investigator  of  great 
talent,  NuttalF,  who  carrie<l  out  an  important  work  on  this  subject 
in  the  lalioratory  and  under  the  direction  of  Fliigge  at  Breslau.  He 
was  able  to  follow  step  by  step,  by  the  observation  of  anthrax  bacilli 
in  the  warm  stage,  their  degeneration  under  the  action  of  the 
defibriuated  blood.  This  destruction  of  the  bacilli  took  place  outside 
the  piiagixytes.  The  same  plieuomenon  could  be  shown  by  the 
lethod  of  gelatine  plate  cultures^  The  bacilli,  subjected  to  the 
influence  of  the  defibriuated  blood  of  rabbits  and  other  vertebrates, 
usually  died  or  were  markedly  injured.  The  blood  when  heated 
to  66°  C.  completely  lost  its  bactericidal  i>ower. 

Tlieae  observations,  perfectly  exact  in  every  detail,  gave  Fliigge' 
,nd  his  assistant  Bitter*  the  opportunity  to  criticise  vigorously  the 
leory  of  phagocytosis.  Tlie  cells  were  said  to  bo  incapable  of [549] 
ingesting  living  micro-organisms  ;  these  latter  must  be  previously 
deistroyed  by  the  bactericidal  action  of  the  body  fluids,  and  it  was  only 
their  dead  bodies  which  were  devoured  by  the  phagocytes. 

Fliigge  ba«ed  his  criticism  upon  considerations  of  a  general 
character  and  upon  observations  made  mainly  by  Nuttall.  "There  is 
no  necessary  point  of  analogy,"  says  the  learned  Breslau  bygienist, 
between  the  ingestion  of  food  and  the  struggle  against  infective 
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1  Deultcfu  med    Wchmchr.,  Leipzig,  1886,  S.  617  J  Aret^f.  Hyg^  Miinchen 
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micro-organisms,  iior  between  nutritive  substances  and  living  micro- 
organisms" (p.  225}.  "From  Xuttall's  results  it  must  evidently  be 
accepted  as  possible  that  the  phagocytes  can  ingest  dead  bacteria 
only  and  that  they  have  not  the  power  of  ridding  the  body  of  the 
living  infective  agents  "  (p,  226).  The  following  passjige  is  especially 
Bigniticant.  "  Wlieii  we  examine,  with  an  open  mind,  a  series  of 
preparations  wliicli  show  the  relations  between  the  phagocytes  and 
the  bacteria  in  various  infective  diseases,  the  phagocytes  sometimes 
present  themselves  as  the  victims  of  the  biicteria,  which  continue 
their  triumphal  march  ;  sometimes  they  produce  the  impression  of 
torabstuues  lying  in  large  numbers  behind  the  line  of  battle  and  after 
the  end  of  the  struggle.  On  the  other  hand,  they  in  no  way  force 
themselves  upon  our  notice  as  instruments  of  slaughter  which  the 
attacked  organism  makes  use  of  to  defend  itself"  (p.  22"). 

These  arguments  have  been  regarded  by  many  investigators  in  all 
countries  as  perfectly  sufficient  to  overthrow  the  phagocytic  theory. 
The  bactericidal  power  of  the  body  fluids  becanje  the  rallying  cry 
of  a  great  number  of  works  always  directed  to  the  same  object: 
to  replace  the  rôle  of  phagocytosis  by  that  of  a  bactericidal  power 
of  the  body  fluids.  It  is  quite  unnecessary  to  weary  the  reader  with 
a  list  of  the  very  numerous  publications  that  have  appeared  on  this 
subject  in  every  European  language.  But  it  is  not  possible  to  pass 
over  in  silence  the  work  of  some  of  the  principal  partisans  of  the 
humoral  theory  of  immunity. 

The  first  place  amongst  these  works  certainly  belongs  to  von 
Bchring's  memoir'  on  the  natural  immunity  of  white  rats  against 
anthi-ax.  As  already  stilted  in  Chapter  vi  of  this  work,  von  Behring 
discovered  the  very  remark<ible  power  possessed  by  the  rat's  blood 
[550]  of  destroying  anthrax  bacilli  witli  very  great  rapidity.  This  inves- 
tigator did  not  hesitate  to  conclude  therefrom  that  this  bactericidal 
property  of  the  blood  must,  in  the  rat,  bring  about  a  great  resistance 
against  anthrax.  We  should  have  in  this  case,  then,  an  example  in 
which  tljc  immunity  did  not  depend  in  any  way  upon  phagocytosis, 
but  would  be  bound  up  entirely  in  a  purely  humoral  property. 

With  the  object  of  deciding  whether  the  bactericidal  property  of 
the  blood  is  really  the  general  and  essential  cause  of  natural  or 
acqidrcd  nnmunity,  von  Behring,  in  collaboration  with  Nissen-,  carried 
out  a  long  series  of  exjierimeuts,  the  results  of  which,  however,  did 

'  Centralbf.f.  klin.  Atiyi.,  Bonii,  18S8,  No.  38. 
•  Ztschr.f,  Uyj.,  Leipzig,  1890,  B<L  viu,  S.  •412. 
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not  confirm  their  expectations.  T]»ey  found  that  in  animals  well 
vaccinated  against  certain  bacteria  (notably  Gamnleia's  vibrio  or 
F.  melscftiiiI,-ovt),  the  blood  plasma  undoubtedly  acquires  a  high 
specific  bactericidal  power,  but  at  the  same  time  they  satisfied 
thenisclves  that  the  blood,  even  of  well  inmiunised  animals,  was 
generally  incapable  of  killing  the  micro-organisms.  The  bactericidal 
property,  then,  according  to  their  researches,  presented  itself  not  as 
a  general  character  but  as  one  of  limited  importance.  These  facts 
even  led  von  Behring  to  abandon  the  theory  of  the  bactericidal 
power  of  the  body  fluids  as  an  explanation  of  immunity. 

This  theory  found  many  warm  jKirtisans,  especially  at  Munich. 
Emuiericli  had  already  announced  at  the  International  Congress  of 
Hygiene,  held  at  Vienna  in  1887,  that  in  the  blood  of  rabbits 
Taccinated  against  the  bacillus  of  swine  erj'sipelas  an  antiseptic 
substance  of  remarkable  activity  is  produced.  To  this,  exclusively, 
in  this  instance,  and  not  to  the  phagocytes,  he  attributed  the  acquired 
immunity.  Liter,  Emmerich'  in  îin  investigJition  carried  out  in 
collaboration  with  di  >rattei  developed  this  view.  We  may  refrain 
from  giving  any  account  of  the  contents  of  their  memoir  as  well  as 
from  criticising  their  conclusions,  as  this  has  already  been  done  in 
Chapter  IX.  Let  us  content  ourselves  with  stating  that  our  own  ex- 
periments, as  well  as  those  made  later  by  Mesuil,  have  demonstrated 
tlie  inaccuracy  of  Emmerich's  statements. 

Another  Munich  bacteriologist,  H.  Buchner,  at  first  expressed 
himself-  very  favourably  on  the  theory  of  phagocytosis.  He 
regarded  it  as  more  capable  of  explaining  most  of  ttie  phenomena 
of  imnumity  than  was  his  own  older  local  theory.  But  little  by 
little  he  declared  himself  in  formal  opposition  to  the  cellular  theory 
«f  immunity  and  went  over  to  the  camp  of  his  sometime  adver-  [wi] 
paries.  He  adopted'  the  humoral  theory  of  the  bactericidal  action 
of  the  body  fluids,  upon  which  subject  he  carried  out  several 
important  investigations.  He  was  able  without  difficulty  to  confirm 
Nuttall's  discovery  of  the  disappearance  of  the  microbicidal  power 
when  the  defibrinated  blood  was  heated  to  65°  C,  and  he  added  to 
this  fundamental  fact  many  others  of  great  value.  He  demonstrated 
the  part  played  by  the  salts  in  the  exercise  of  this  bactericidal  power, 
and  laid  great  stress  on  the  fact  that  this  power  depends  on  the 

«  Forttchr.  d.  MrJ.,  Berlin,  18S7,  Bd.  v,  8.  663. 

'  Miinchen.  med.  IVchtmchr.,  1887. 

»  CeiitralbL  /.  Bakterinl.  u.  Paratitenk.,  Jena,  1891,  BA  x,  8.  727. 


1 


628 


ChajHer  XVI 


presence  of  a  special  substance  of  albuminoid  nature,  to  wliich  he  gave 
the  name  of  alexin.  Buchner'  combatted  with  success  the  i<lea  that 
I  hud  expressed,  according  to  which  the  bactericidal  power  of  the 
body  fluids  is  reduced  iu  great  part  to  a  plasmolytic  action  of  the 
blood  serum  upon  certain  micro-organisms.  It  cannot  be  denied  that 
my  hypothesis  is  only  very  partially  applicable,  and  that  the  lai^er 
share  iu  the  bactericidal  action  of  the  body  flui<lâ  belongs  to  the 
alexins.  Buchuer  also  made  tljo  study  of  this  action  more  easy  by 
the  demonstration  that  the  red  blood  corpuscles  of  a  foreign  Bpecies 
undergo,  under  the  action  of  tlie  blood  and  of  the  serums,  a  globu- 
Jicidal  action  comparable  to  that  which  occura  in  the  case  of  micro- 
organisms. 

Wliilst  Fliigge,  von  Behring  and  many  others  of  the  old  partis^ins 
of  the  bactericidal  theory  of  the  body  fluids  abandoned  it  more  or 
less  completely  as  an  explanation  of  immunity,  Buchner  remained  I 
faithful  to  it  and  tried,  aided  by  the  collaboration  of  his  pupils,  as  fsa 
as  possible  to  defend  it. 

In  France  this  humoral  theory  was  adopted  chiefly  by  Bouchard'! 
and  his  pupils,  amongst  whom  I  must  cite  more  particularly  Charrin 
and  Roger.  They  sought  to  confirm  it  by  personal  reseaix-hes,  the 
greater  part  of  which  were  carried  out  upon  the  bacillus  of  blue 
jms.  These  iuvcstigatora  studied  it  especially  in  relation  to  acquired  i 
immunity.  A  comparison  of  the  mode  of  development  of  the  pyo- 
cyanic  bacillus  in  the  serum  of  susceptible  animals  and  of  vaccinated 
aniniiils  of  the  same  specie?,  convinced  them  of  the  great  importance] 
of  the  action  of  the  body  fluids.  In  cases  where  these  fluids  were 
found  to  be  incapable  of  killing  the  micro-organisms  they  exerted 
over  them  an  injurious  influence,  either  by  attenuating  their  virulence, 
2]  or  by  producing  mure  or  less  important  modifications  in  their  forms 
and  functions.  The  essential  cause  of  natural  or  acquired  immunity 
was  always  attributed  by  Bouchard's  school  to  the  property  of  the 
body  fluids.  The  phagocytes  were  said  to  intervene  only  secondarily, 
either  to  carry  ofl"  the  dead  bodies  of  the  micro-organisms,  or  to 
ingest  the  bacteria,  reudered  inoffensive  by  the  humoral  action. 

The  humoral  theory  of  immunity,  with  some  slight  modifications^ 
spread  very  generally  into  every  country,  and  many  investigators 
accepted  it  without  reserve.    But  certain  observers  ventured  to  run 
counter  to  the  general  current  and  raised  objections  of  principle 

'  Ctniralhl.f.  Bakteriol.  u.  Parcuitetik.,  Jena,  18U0,  BA  vm,  8.  68. 
*  "Lea  microbes  pathogènes,''  Faris,  1892. 


against  the  theory  of  the  bactericidal  power  of  the  fluids  of  the 
body.  After  the  principal  facta  established  by  the  partisans  of  this 
theory  had  been  confirmed,  it  was  asked  whether  the  phenomena 
of  the  destruction  of  niicro-orgauisnis  observed  hi  vitro  are  really 
equivalent  to  those  produced  in  the  refractory  animal.  A  glance 
at  the  data  brought  together  with  so  much  zeal  was  sufficient  to 
demonstrate  that  this  paralleliHm  does  not  exist  Tlic  blood  of 
animals  susceptible  to  certiiin  micro-organisms  was  found  to  be 
bactericidal  for  these  organisms,  wliilst  tliat  of  refractory  animals  was 
incapable  of  destroying  them.  It  is  useless  to  cite  examples,  so 
nimieroua  are  they.  Uu  the  other  hand,  the  bactericidal  power  of 
the  body  fluids,  so  marked  for  certain  pathogenic  organisms  such  as 
the  anthrax  bacillus  and  es[)ecially  the  cholera  vibrio  and  the  typhoid 
coccobacillus,  is  insignificant  or  nil  as  regards  many  bacteria  against 
which  refractory  animals  are  not  wanting. 

All  these  facts  throw  doubt  on  the  predominating  part  played  in 
immunity  by  the  bactericidal  power  of  the  body  fluids.  Lubarsch^ 
attacked  the  humoral  theory,  showing  by  a  great  nuinl)er  of  experi- 
ments that  animals  whose  fluids  are  very  bactericidal  in  vitro  are 
very  suscei»tible  to  a  much  smaller  quantity  of  bacteria  of  the  same 
species  introduced  into  the  body.  Thus,  the  defibrinated  blood  and 
the  blood  serum  of  rabbits  destroy  a  large  number  of  bacteria  in 
a  very  short  time,  whilst  the  rabbits  themselves  contract  fatal 
anthrax  after  the  introduction  of  a  small  number  of  these  micro- 
organisms into  the  blood  vessels.  This  contradiction  cannot  be  [553] 
explained  except  by  the  profound  changes  which  the  blood  must 
undergo  outside  the  Iwdy.  Facts  of  the  same  nature  have  been 
shown  for  the  anthrax  of  rats  by  Hankiu,  Roux,  and  ourselves,  as 
described  in  Chapter  vi. 

The  International  Congress  of  Medicine,  assembled  at  Berlin  in 
18H0,  was  the  first  occasion  on  which  I  spoke  publicly  of  the 
new  theories  of  immunity.  In  the  addresses  given  at  the  general 
meetings,  leailcrs  of  niedictiJ  science  in  several  countries  summed  up 
their  opinion  on  this  question.  Koch*,  in  his  memorable  report, 
declared  that  the  new  acquisitions  had  destroyed  the  basis  of  the 
theory  of  phagocytes,  and  that  consequently  it  niuat  give  place 
to  the  humonil  theory  of  immunity.  Bouchard  took  up  a  more 
conciliatory  position,  but,  according  to  him,  the  bactericidid  power  of 

*  Cmlralbl./.  BakterioL  u.  Parmitenk^  Jena,  1880,  Bd.  n,  SS.  481,  629. 
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the  fluids  of  the  body  was  the  primary  and  essential  cause  of  immunit 
The  phagocytes  only  intervened  later,  in  order  to  finish  the  wor 
begun  without  their  assifitance.    Lord  Lister  exiiressed  himself^, 
the  other  hand,  much  niore  favourably  on  the  suliject  of  the  theor 
of  phagocytosis.     This  observer,  who  is  not  only  a  great  surgeoi 
but  is   perhaps    even  more   remarkable    for   his   great    powers   of 
generalisation,  has  paid  special  attention  to  the  problem  of  immunity. 
With  the  object  of  clearing  \ip  this  very  complicated  and  at  the  same 
time  important  question,  Lord  Lister  seized  the  occasion   of  the 
meeting  of  the   hitemational   Congress  of  Hygiene  in  London 
1891,  to  bring  about  an  exchange  of  views  between  the  purtiiuu 
of  the  various   theories  of  immunity.     Under   his  presidency 
devoted  an   entire    sitting  of  the  Section    of  Bacteriology   to  the 
discussion  of  this  qiiestiou.    Bnchner  presented  a  report'  drawn 
exclusively  from  the  point  of  view  of  tlic  humoral  theory  an<l  devot 
to  the  demonstration  of  the  slight  intportance  of  phagocytosis, 
also  to  the  preponderant  part  played  by  the  alexins  dissolved  in  tl 
body  fluids  and  circulating  in  the  [dasma  of  the  blood.    He  attempt 
to  harmonise  the  facts  on  the  bactericidal  power  of  serums  observt 
in  rilro  with  the  special  conditions  to  be  met  with  in  the  anil 
body.     He  specially  insisted  on  the  point  that,  in  the  blof)d  and  th 
organs,  the  alexins  cannot  act  with  tlie  same  rapidity  that  they 
[.554]  in   test-tubes  containing   serum.    In   this  M'ay   he   recognised    tha 
between  the  bactericidal  action  in  vitro  and  that  in  the  body  of  tb^ 
animal,  there  exists  a  marked  diftcrence,  but  he  would  not  consent 
to  attribute  it  in  the  latter  case  to  the  intervention  of  the  phagoc^'tes. 
Roux'  also  made  a  report  on  immunity  at  the  same  sederant, 
speaking  very  dititinctly  in  favour  of  the  cellular  tlieory,     A  chemia 
by  inclination,  he  wa.s  sympathetic  at  first  to  the  humoral  theories  of 
immunity.    Working  with  Pasteur,  and  side  l»y  side  with  him,  Rons, 
from  the  beginning  of  the  new  era  of  medical  science,  had  made 
numerous  exi^erimeiits  on  the  part  played  by  tlie  body  fluids 
immunity.     But  iis  the   results  were  not  sufficiently  precise   anfl 
demonstrative  they  were  soon  abandoned.     The  attiichmcnt  of  Rons 
liowever,  to  the  humoral  theories  was  manifested  in  his  work,  carried 
out  in  part  with  Chamberland*,  on  the  subject  of  vaccination   bl 

'  "  The  présent  position  of  untifleptic  surgery,"  Berlin,  1890. 
'  ilunchen.  med.  Wchmdir.,  1891,  SS.  561,  574. 
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ineans  of  microbial  products.  Later,  having  obtained  a  deeper  know- 
ledge of  various  facts  concerning  natuiTil  and  acquired  immunity, 
lie  rallied  to  tlie  cellular  conception  and  develoj)cd  it  in  bis  report 
presentetl  to  the  above  Congress  in  London.  Several  microbiologists 
took  part  in  the  discussion,  and  I  myself^  was  able  to  communicate 
certain  facts  concerning  the  immunity  of  guinea-pigs,  acquired  aâ  the 
result  uf  vaccination  against  (.ilamaleia's  \ibrio.  I  chose  this  example 
because  it  presented,  according  to  von  Behring  and  Nissen,  the 
clearest  case  of  a  bactericiilal  property  develoi>ed  during  the  course 
of  immunisation.  I  was  able  to  fiirnish  the  proof  that,  in  the 
vaccinated  animal,  the  micro-organism  in  question,  in  Bpitc  of  the 
great  bactericidal  power  of  the  blood  scrum  in  vitro,  remains  alive 
in  tho  animal  body  for  a  long  time-,  and  that  its  destruction  ia  ettected 
by  the  phagocytes,  which  ingested  it  alive.  In  this  esampte  I  showed 
that  the  leucocytes  of  the  exudation,  that  have  ingested  vibrios,  may 
still  furnish  cultures  of  tliis  organism  if  they  are  taken  from  the  body 

hand  transfcn-ed  in  hanging  drop  to  the  incubator. 
The  fact  that,  even  in  the  case  which  appeared  most  to  favour 
the  huniord  conception  of  acquired  imnmnity,  phagocytes  play  the 
principal  part,  must  to  many  members  of  the  Congress  have  api)eare<l 
sufficiently  significant  Indeed,  several  observers  who  were  present 
at  the  debates,  received  the  impression  that  the  phagocytic  theory 
liad  not  been  overturned  by  its  adversaries.  At  this  perio<l  the  [555] 
question  of  the  importance  of  antitoxins  from  the  point  of  view 
of  immunity  had  scarcely  been  raised.  Tlie  great  discovery  made  by 
von  Behring  anil  Kitiisato  was  alrcjidy  accepted  by  evenone;  but 
there  was  no  ground  for  attribxiting  to  it  any  general  imiwrtjince. 
In  fact,  though  proved  for  tetanus  and  di])htheria,  and  extended  by 
Ehrlich's  beautiful  experiments  to  the  vegetable  toxms  (ricin,  abrin, 
and  robin),  the  antitoxic  property  of  the  fluids  of  the  body  presented 
itself  rather  as  a  special  than  as  a  general  phenomenon.  It  is  in  this 
sense  that  Roux  had  assigned  to  it  its  place  in  the  chapter  of 
immunity.  The  two  diseases,  against  which  antitoxic  serums  had  been 
discovered,  are  certainly  distinguished  from  the  great  majority  of 
infections  by  the  localisation  of  the  micro-organisms  and  the  abundant 
secretion  of  their  toxins. 

It  was  only  after  the  l^>ndon  Congress  that  this  question  came 
pn^minently  forward  Von  Behring  thought  that  the  antitoxic  power 
of  the  body  fluids  is  generally  distributed  in  all  cases  of  acquired 

'  Ann.  d4>  I'lntt.  PoMteur,  PariB,  ISUI,  t  t,  ppu  465,  634. 
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immunity,  and  that  micro- organianjs,  introduced  into  the  animal 
possessing  tliis  power,  become  incapable  of  any  pathogenic  manifesta- 
tion. Certiiin  facts,  brougUt  together  in  Bouchard's  laboratory,  tell 
against  the  hypothesis  I  have  just  mentioned.  With  tlie  object  of 
throwing  light  on  this  question  I  began,  immediately  after  the  close 
of  the  Congress,  to  study  the  acquired  immunity  of  rabbits  agailist 
the  micro-organism  of  the  pncumo-enteritis  of  pigs.  I  was  able 
to  demonstrate'  that  in  this  case  the  resistance  of  the  animal  against 
the  micro-organisms  does  not  depend  on  the  acquisition  of  any  anti- 
toxic property  by  the  body  fluids;  such  a  property  is  completely 
absent.  At  the  same  time  I  showed  that  the  scrum  of  vaccinated 
rabbits  possesses  a  very  marked  protective  power  against  infection  by 
the  coccobacillus  of  pneu  mo-enteritis.  It  was  for  the  first  time  proved 
that  indt'pciirlcntly  of  the  antito.xic  and  bactericidal  properties  of 
6ci-ums,  tliere  exists  another  special  property,  the  anti-infectire 
property.  This  I  conceived  to  be  of  the  nature  of  a  stimulant  action 
on  the  part  of  the  phagocytes. 

It  has  already  been  stated  in  an  earlier  chapter  that  before  the 
discovery  of  antitoxins  Richet  and  Hëricourt*  had  observed  an 
immunising  action  of  the  serum  of  animals  refractor}' to  staphylococci. 
These  observers  were  content  with  this  demonstration  and  did  not 
seek  to  penetrate  more  deeply  into  the  mechanism  of  the  acUoD 
of  their  senim.  Ftir  this  reason  when  von  Behring  and  Kitasato 
[556]  announced  their  discovery  of  antitoxic  serums  it  was  generally 
thought  that  the  antistaphylococci  serums  were  also  antitoxic  seniinfc 
Tlie  immunity  against  the  micro-organism  of  the  pneumo-enteritis  of 
pigs  tiiught  us  that  here  we  might  have  to  deal  with  quite  a  different 
matter.  It  was  soon  demonstrated  that  the  seram  from  the  immunised 
animal  might  in  fact,  without  being  antitoxic,  present  the  same  anti- 
infective  property  as  in  the  case  of  pncumo-enteritis.  Tliat  was  finît 
proved  in  the  case  of  the  experimental  disease  set  up  by  Kocb'v 
cbolem  vibrio. 

The  reappearance  of  cholera  in  Europe  in  1892  drew  the  attention 
of  bacteriologists  to  this  disease,  and  was  the  occasion  of  many  new 
researches  on  immunity  against  the  cholera  vibrio.  Several  important 
works  on  this  question  were  publishetl  by  Pfeifier^  at  this  {>eriod 
director  of  the  scientific  staff  of  the  Kocli  Institute  at  Berlin.    He 

»  Ann.  de  Vlnst.  Pasltur,  Paris,  1892,  t  VI,  p.  289. 

»  Corn/if.  rend.  Acad.  d.  tc,  Paria,  isas.  L  cvu.  pp.  690,  748. 

*  ZUdir.f.  Hyg.,  Leipzig,  1894,  Dd.  xvi,  S.  2(»8. 


obtained,  in  animals  well  immunised  against  the  cholera  vibrio, 
a  serum  endowed  with  a  high  auti-infectivo  power  but  entirely  with- 
out any  antitoxic  property.  The  guinea-pigs  themselves,  very  resistant 
to  the  cholera  peritonitis,  were  found,  on  the  other  hand,  to  be  very 
susceptible  to  the  minimum  lethal  dose  of  the  cholera  poison.  The 
aljsence  of  antitoxic  power  in  the  fluids  of  the  body  taken  in  con- 
nection with  a  well-marked  phagocytic  reaction  in  a  large  number 
of  cases  of  immunity,  natural  and  acquired,  has  turned  the  scale  in 
favour  of  the  cellular  theory.  Tlie  impossibility  on  the  part  of  those 
who  maintain  the  purely  bactericidal  theory  of  the  body  fluids,  to  reply 
to  the  olyections  above  mentioned  has  accentiuited  this  favounible 
movement  Just  at  this  moment,  when  the  theory  of  phagocytes  might 
be  regarded  to  have  obtidncd  the  rights  of  citizenship,  a  discovery  was 
made  which  apjieared  to  overturn  it  completely.  I  have  mentioned 
more  than  once  that  the  attempts  of  the  partisans  of  the  bactericidal 
theory  of  the  body  fluids  have  failed  whenever  it  was  necessary  to 
give  evidence  of  their  action  in  the  refractory  animal.  Instead  of  a 
destruction  of  the  micro-organisms  in  these  fluidi?,  it  was  always  found 
that  they  i>erished  inside  the  phagocytes.  These  facts  have  even  led 
to  the  manifestation  of  a  desire  to  harmonise  the  humoral  tlieory 
with  the  theory  of  phagocytosis.  Denys,  with  certain  of  his  colla- 
borators, and  Buchner  and  his  pupils  came  to  the  conclusion  that  [557] 
the  alexins  are  merely  leucocytic  products.  As  regards  tlie  theory 
of  phagocytosis  we  have  this  section,  who  attribute  an  important 
function  in  healing  and  immunity  to  the  emigration  of  the  leucocytes 
towards,  and  their  accumulatiun  at  the  nienaced  spot.  They  iuimit 
that  the  leucocytes  really  represent  the  healing  elements  of  the  animal 
body  ;  it  is  not,  however,  they  say,  their  phagocytic  functions  which 
confer  upon  them  this  rOle  but  their  power  of  secreting  alexin.  These 
bactericidal  substiinces  act  outside  the  phagocytes — in  the  plasmas 
of  the  blood  and  of  the  exudations — and  phagocytosis  only  intervenes 
at  a  later  peiiod  and  secondarily. 

This  new  modifiwitiuii  of  t!ie  bactericidal  theory  of  the  body  fluids 
has  often  been  termed  by  Buchner  a  connecting  bridge  between  the 
humoral  theory  and  the  cellular  theory  of  immunity. 

In  the  midst  of  this  movement  of  conciliation,  Pfeifter^  in  1894 
published  a  work  on  the  immunity  of  the  guinea-pig  against 
experimental   cholera    peritonitis.     He    maintains    that    here    the 

>  Zttchi:  /.  Hyg.,  Leipzig,  1994,  Bd,  xvm  S.  1;  c£  also  Pfdffer  u.  lasaeff,  ibid^ 
1894,  Bd.  xvn,  S.  355. 
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destruction  of  tlie  vibrios  takes  place  withotit  any  co-operation  on 
tlie  part  of  the  phagocytes  and  exclusively  by  means  of  tlie  body 
fluids.  The  vibrios,  before  their  complete  destruction  and  solution 
in  the  fluids  of  the  body,  are  transformed  into  granules,  presenting 
the  transformation  to  wliich  we  have  givcjj  the  name  of  Pfeiffer'a 
phenomenon. 

Several  of  PfeifFers  pupils  have  confirmed  his  view  in  connection 
with  the  eholei-a  vibrio,  and  have  extended  it  to  several  other  micro- 
organisms such  as  the  typhoid  coccobacillus.    The  destruction  of  the 
raicro-organisms  in  these  cases  is  brought  about,  according  to  PfeiflTer 
and  his  collaborator,  not  by  the  alexins  of  Buchner,  but  by  a  separate 
substance.     The  protective  anti-infective  serum   contains  it  in   an 
inactive  state  only;   but  immediately  this  serum  is  introduced  into 
the  body  of  a  normal  animal,  the  bactericidal  substance  is  acted  upon 
by  the  endothelial  cells  and  becomes  "  active,"  capable  of  destroying 
a  large  number  of  vibrios.     Pfeiffer  has  developed  this  theory  more 
esixîcially    in    an    article    published   in   1896,   entitled   "Ein   neues 
Gnindgesetz  der  IramunifatV     Pfeiffer's  observation  and  his  theory 
built  upon  it  gave  a  new  lease  of  life  to  the  humoral  theory  and  for 
some  time  many  observers  believed  that  the  theory  of  phagocytosis 
[558]  was  now  finally  overturned.    FriinkeF  annoiuiced,  in  a  public  address, 
that  science  in  its  progressive  march  has  "discovered  the  methods 
of  defence  employc<l  by  the  animal  organism  against  its  most  dreaded 
enemies,  methods  Avhich  have  nothing  in  common  with  phagocytositi. 
which  act  quite  independently  of  the  pliagocj-tes  and  manifest  an 
action  so  energetic  that  we  may  calmly  eliminate  all  other  factors." 
This  view  is  based  on  the  discovery  of  antitoxins  and  the  bactericidal 
substaticc  studied  by  Pfeiffer. 

It  will  be  readily  understood  that  as  soon  as  I  leanit  of  tlie 
existence  of  a  real  extracellular  destruction  of  micro-organisms  I  at 
once  began  to  study  it  in  order  to  find  out  its  real  importance  amongift 
the  phenomena  of  immunity.  First  of  all,  I  examined  Pfeiffer'a 
phenomenon  in  connection  with  the  cholera  vibrio',  and  I  wa.s  able 
to  show  that  it  was  produced  only  under  special  conilitions.  The 
pre-existeut  phagocytes  must  be  greatly  injured  before  the  cholera 
vibrios  can  be  transfonned  into  granules.  Phagolysis  (so  I  termed 
this  transitory  damage  to  the  pliagocytes)  is  indispensable  for  the 

>  DfuUc/te  rned.  Wchnnchr.,  Berlin,  1896,  SS.  U7,  119. 
•  "SchutEimpfungund  Impfschutz,"'  Murburg,  1806. 
'  Ann.  de  l'fn$t.  Piuteur,  Paris,  1S95,  t  ix,  p.  433. 


manifestation  of  Pfeiffer'a  phenomenon  in  the  peritoneal  fluid.  Wlien 
it  is  suppressed,  by  preparing  the  phagocytes  by  means  of  injections 
of  various  fluids,  we  find  tluit,  instead  of  Pfeitfer's  phenomenon, 
phagocytosis  is  ahnost  instantaneously  produced,  lu  positions  where 
very  few  or  no  leucocytes  are  pre-existent,  as  iu  the  subcutaneous 
tissue,  Pfeifler's  phenomenon  is  never  observed. 

Even  in  the  case  of  the  cholera  vibrio  the  extracellular  <Ie$tructiou 
is  observed,  therefore,  only  in  special  cases.  Most  of  the  other 
pathogenic  micro-organisms  do  not  undergo  this  destructive  process 
at  all  under  conditions  in  which  the  cholera  vibrio  cxldbits  Pfeifler's 
plieuomenon  in  a  marked  degree.  These  facts  appeared  to  justify  me 
in  the  conclusion  that  the  destruction  of  micro-organisms  takes  place 
in  the  animal  body  by  means  of  soluble  ferments,  the  residt  of  phago- 
cytic digestion.  Tlicse  ferments  are  fouud  under  the  normal  condition 
within  these  phagocytes  and  escape  from  them  wlicn  they  are 
destroyed  or  receive  some  transient  injury.  This  cunclusion  was  in 
flat  contradiction  to  the  theory  and  st;itenients  of  Pfeiffer,  who 
attributed  an  important  function  to  the  endothelial  secretions.  To 
settle  tliis  controversy  I  tried  to  obtain  Pfeifler's  phenomenon  imtside 
the  body,  that  is  to  say  indci)endently  of  any  co-operation  from  the  [559] 
peritoneal  endothelium.  It  is  suflicient  to  add  a  little  peritoneal 
lymph,  rich  in  leucocytes,  to  the  inactive  anti-infective  serum,  to 
obtain  in  hanging  drops  the  tninsfonnatiou  of  the  cholera  vibrios 
into  grainiles. 

BordetS  in  my  laboratory,  repeated  this  experiment  with  the 
object  of  determining  its  essential  mechanism.  He  succeeded  in 
obtaining  Pfeifler's  plienomenon  in  vitro^  not  only  by  adding  peri- 
toneal lymph  from  a  normal  guinea-pig  to  the  specific  serum,  but 
also  by  adding  to  it  a  drop  of  fresh  blood  serum  from  the  same 
animal.  The  analysis  of  the  phenomena  which  take  place  under  these 
conditions  led  Bordet  to  the  following  hypothesis.  The  destructiou 
of  micro-organism»  in  vaccinated  animals  takes  place  by  the  co- 
opcmtiou  of  two  substances.  One  of  these  is  Buchner's  alexin  which 
is  found  normally  in  the  phagocjrtes  ;  it  sets  up  bacteriolysis  properly 
so-called  when  it  is  enclosed  within  the  leucocyt-es  or  after  it  has 
escaped  from  tlicm  at  the  time  of  phagolysis.  To  attain  this  end, 
however,  the  alexin  needs  the  co-operation  of  another  substance. 
This  is  the  protective  or  sensibilising  substance  of  Burdet.  It  circu- 
lates in  the  plasmas  and  carries  a  specific  character  which  is  absent 

>  Ann.  da  PlntU  PaiUur,  Paris,  1S95,  t.  IX,  p^  462;  19!'0,  k  X,  pp.  1U4, 193. 
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from  the  alexin.    I  need  not  here  insist  at  any  length  on  this  theory^ 
because  it  has  already  been  sufficiently  explained  during  the  cot 
of  this  work. 

The  data  on  the  restricted  part  played  by  Pfeiffer's  phenomenon 
and  on  its  niechanisni,  above  sununariHcd,  have  been  attacked  by 
Pfeiffer  and   by   several   other    observers,   but  they   have   receive<l 
general  confirmation,  so  that  their  accuracy  can  no  longer  be  in  doubt. 
Objections  were  also  raised  to  Bordet's  view  of  tlie  mechanism  ofj 
bacteriolysis.    Tims,  Abel  has  criticised  it  in  the  followini;  argument'^ 
"In  »ii)ito  of  the  soundness  and  the  boldness  of  the  majority  of  Bordet'a 
stiitcuients  on  the  importance  of  the  various  factors,  and  esjKîciallj 
of  the  leucocytes   in   immunity,   it  cannot   bo  doubted   that   lat^ 
researches  will  modify  and  correct  Ids  inteq)retations  which  we,  ii 
Germany,  do  not  accept  in  their  full  extension.     Up  to  the  present 
the  victory  iu  the  various  rounds  has  always  been  with  PfeiflTer,  who«e 
researches,  solid  and  exempt  from  bias,  have  made  him,  to  use  a] 
sporting  expression,  the  'favourite'  with  all  those  who  follow  atten- 
[560]  tively  the  international  contest  in  the  arena  of   the  problem   of 
immutnty."    Abel  is  certainly  a  highly  esteemed  bacteriologist,  but 
he  is  not  a  good  prophet,  and  he  assumes  a  mistaken  attitude  in 
looking  at  the  subject  from  a  "national"  point  of  view-.    In  Germany 
much  interest  is  taken  in  scientific  movements  and,  very  naturally, 
original  and  new  theories  are  there  criticised  and  discussed.     B»it 
tliat  does  not  justify  one  in  putting  forward  against  an  opinion  tbo] 
statement  that  it  is  not  accepted  in  Germany.    In  this  country,  so] 
rich  in  scientific  work,  we  find  partisans  of  the  most  opposite  viewf». 
In  any  case,  in  the  conflict  between  Pfeitfer  on  the  one  hand,  and 
Bordet  and  myself  on  the  other,  things  have  not  turned  out  as  Abel 
preilicted.    The  two  substances  which  act  in  the  destruction  of  the , 
micro-organisms  are  now  accepted  by  the  whole  woi-hL     The  intimate 
relations  between  the  alexins  and  the  leucocytes  are  equally  recognised 

»  Centralfil./.  Bakteriol  u.  Parat'Uenk.,  Jona,  1896,  I«»  Abt.,  BJ.  xx,  S.  766. 

*  It  would  clearly  bo  wrong  to  take  one's  stand,  in  a  purely  scientific  qucslinn, 
OD  a  nutionnl  point  of  view.  Ijut  it  is  a  still  greater  mistiike  to  look  at  matters,  in  tbo 
investigation  of  problems  which  concern  science  only,  from  a  personal  point  of  riew. 
This,  however,  is  what  has  happ«ued  several  times  iu  the  discussion  of  phagocytosia. 
Certain  discontented  students  have  attempted  to  avenge  tliemselves  by  pubUshing 
works  and  criticisms  directed  against  the  tiieory  of  plmgucyt<>sis.  Having  no  doubt 
as  to  the  motive  for  these  publications  I  consider  myself  fully  justified  in  not 
referring  to  them  in  this  book,  in  which  1  have  taken  an  exclusively  scientific  point 
of  view,  and  iu  which  I  have  endeavoured  to  weigh  as  caiefuUy  a»  possible  all 
criticisms  and  objections  that  have  been  directed  against  me. 


by  very  many  observers.  The  fact  that  the  alexins  are  confined 
within  phagocytes  has  been  confirmed  by  several  observers,  and  has 
received  a  veiy  convincing  proof  from  Gengou's  experiments  on  the 
comparative  action  of  the  serum  and  bluod  plasma  against  micro- 
organisms. The  existence  of  phajjolysis,  denied  at  first  by  some 
obeervers,  has  been  verified  by  others  and  cau  now  no  longer  be 
doubted. 

The  relations  between  the  sensihilising  8ul>stance  and  the  phago- 
cytes are  less  easily  grasped  thati  are  those  between  the  alexins  and 
the  leucocytes.  Nevertheless,  the  experiments  made  by  Pfeifter  and 
Marx\  have  led  these  observera  to  recognise  that  the  former  arises 
from  the  spleen,  the  lymphatic  glands,  and  the  bone  marrow,  that 
is  to  say,  organs  which  are  pre-eminently  phagocytic.  This  result 
has  been  confirmed  by  Deutsch  and  must  be  regarded  as  definitely 
settled.  All  the  data  collected  in  recent  years  have,  therefore, 
confirmed  the  view  that  the  destruction  of  micro-organisms  in 
the  refractory  animal  presents  itself  as  a  special  exanij)le  of  their 
absorption  by  formed  elements.  This  truth  was  so  fully  recognised  [6(51] 
in  our  laboratory  that  the  analogy  between  bacteriolysis  and  the 
destruction  of  animal  cells  was  looked  upon  as  quite  natural  and 
evident  Bordet  had  for  some  years  past  observetl  that  the  blood 
senim  of  certain  animals  presented  a  marked  analogy  in  its  aggluti- 
native property  in  regard  to  micro-organisms  and  in  that  against 
red  blood  corpuscles.  In  1898,  studying  tiie  fate  of  the  spirilla  of 
the  goose  in  the  peritoneal  cavity  of  guinea-pigs  (see  Chapter  vi), 
I  observed  that  these  micro-orgjmisms  underwent  the  same  changes 
both  within  and  outside  the  phagocyte;  this  fact  appeared  to  me  to 
be  in  perfect  hai-raony  with  the  whole  of  our  knowledge  concerning 
the  alBorption  of  formed  elements  and  on  intracellular  digestion. 

Bordet^  prepared  by  his  preceding  researches  on  the  agglutination 
of  the  red  blood  corpuscles,  set  himself  to  study  the  fate  of  the  red 
corpuscles  in  the  animal  body.  He  easily  established  a  close  relation- 
ship between  the  development  of  the  bacteriolytic  property  and  the 
haemolytic  power  of  the  serum  of  animals  prepared  by  reiieated 
injections  of  bacteria  and  of  blood.  His  results  were  soon  (January, 
1899'  confirmed  by  Ehrlich  and  Morgenroth",  who  supplemented  them 
with  the  important  statement  that  Bordet'a  sensibilising  substance,  or 

'  ZtKhr.f.  Hyg.,  Leipzig,  1898,  BA  xivu,  S.  272. 

*  Ann.  de  I'ltitt.  Pasteur,  Paris,  1898,  t  xn,  p.  688;  1899,  t  xni,  p.  273. 
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intermediary  substance  (E.  and  M.)»  has  the  property  of  attaching  or 
fixing  itself  to  the  red  blood  corpuscles. 

The  works  on  haemolysis,  carried  out  during  the  last  three  years 
by  Ehrlich  and  Morgenroth  on  the  one  hand,  and  by  Bordet  on  the 
other,  have  allowed  us  to  extend  our  study  of  the  mechanism  of  the 
action  of  the  two  substances  on  micro-organisms  and  on  animal  cell& 
Ehrlich  has  extended  his  ingenious  theory  of  antitoxins  to  the  bacterio- 
lytic substances,  which  he  regards  as  side-chains  detached  from  the 
cells  and  capable  of  absorbing  the  toxins.  In  a  series  of  remarkable 
investigations,  most  of  them  carried  out  in  collaboration  with  Motgen- 
roth,  Ehrlich  has  developed  his  theory  which  attempts  to  offer  an 
account  of  the  essential  mechanism  which  presides  over  the  destruction 
of  micro-organisms  and  over  the  neutralisation  of  their  poisons.  This 
theory  is  at  present  in  full  swing  of  development  Some  of  his  points 
contradict  several  of  the  conclusions  in  Bordet's  works.  Whilst  the 
latter  maintains  that  the  sensibilising  substance  becomes  fixed  as 
[562]  a  mordant,  Ehrlich  regards  it  as  entering  into  chemical  combination 
with  the  molecular  group  of  the  micro-organisms  and  of  the  animal 
cells.  According  to  Bordet,  the  alexin  of  the  same  specie  of 
animal  is  always  the  same  substance.  Ehrlich  energetically  main- 
tains the  plurality  of  the  alexins,  to  which  he  gives  the  name  of 
complements. 

This  controversy  has  caused  a  most  interesting  exchange  of  views 
and  has  led  to  experiments  which  are  remarkably  ingenious  ;  but  it 
must  be  admitted  that  as  yet  all  the  points  in  dispute  are  not 
defiiiitely  settled.  It  is  evident  that  we  have  here  a  new  line  of 
research  which  promises  most  fi-uitful  results  for  science. 

We  have  described  in  various  chapters  of  this  work  the  funda- 
mental elements  of  Ehrlich's  theory.  Many  think  that  this  theory  is, 
in  principle,  antagonistic  to  the  theory  of  phagocytosis,  but  we  have 
already  observed  that  this  view  cannot  be  accepted.  It  is  true  that 
Ehrlich  maintains  that  the  bacteriolytic  and  cytotoxic  fermenta 
which  we  have  called  q/tases  (alexins  or  complements)  circulate  in 
a  state  of  solution  in  the  blood  plasma»  whilst,  according  to  the 
theory  of  phagocytosis,  they  are  foimd  under  normal  conditions 
inside  phagocytes.  But  this  view  has  nothing  to  do  with  the  basis 
of  the  theory  of  receptors,  or  of  Ehrlich's  side-chain  theory,  according 
to  which  the  antitoxin  and  certain  other  antibodies  (intermediary 
substance)  are  regarded  as  products  detached  from  cells  having  an 
affinity  for  the  toxins  and  the  microbial  products. 
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he  theory  of  pliagocytosis  seeks  to  establish  the  part  played  by 
tlicse  cells  in  the  destruction  of  nncro-organisins.  It  maintnins  that 
the  vital  manifestation  of  the  phagocytes,  irritability,  mobility,  and 
voracity,  constitutes  an  essential  factor  in  ridding  the  animal  of 
micro-organ  ism  9,  because  the  true  bactericidal  ferment  is  contained 
j^ within  the  phagocytes,  except  in  cases  of  phagolysis.  The  destruction 
>f  the  micro-organisms  follows  the  laws  which  govern  the  absoqition 
of  formed  elements  in  general.  This  absorption,  finally,  is  the  work 
of  two  soluble  iligcstive  ferments,  one  of  which  (fixative)  is  readily 
excreted  by  the  pliagocyte  into  the  phusniiis  of  the  blood  atid  exuda- 
tions. Tlie  theory  of  phagocytosis  seeks  to  establish  these  principles 
with  the  greatest  possible  exactness,  but  it  has  not  yet  ventured  to 
penetrate  more  deeply  into  the  phenomena  of  intracellular  digestion 

k which  are  confounded  with  the  action  of  soluble  ferments  in  general. 
This  problem  is  still  far  from  being  satisfactorily  solved. 
In  spite  of  very  numerous  objections,  of  which  tlie  prhicipal  ones  [563] 
have  ulrcjuly  been  mentioned,  tiie  theory  of  pliagocytosis,  within  the 
limits  indicated,  so  far  from  being  overturned,  has  become  more  and 
more  consolidated,  thanks  to  the  numerous  observations  made  since 
its  foundation.  It  is  for  this  reason  that  the  opposition  has  calmed 
down  of  late  years  and  that  in  many  works  the  opinions  expressed 
have  become  more  favourable  to  the  rôle  of  phagocytosis  in  immunity. 
H  Soon  after  the  Congress  of  Hygiene  in  1891,  the  Pathological  Society 
^of  London  devoted  several  meetings  to  a  discussion  of  the  question  of 
immunity.   Many  eminent  observers  took  part  in  these  debates,  which 

iwere,  in  general,  favourable  to  this  theory  of  phîigocytosis^ 
At  the  International  Congress  of  Hygiene,  held  at  Budapest  in 
1894,  the  question  of  immunity  was  again  discussed.  Buchner-  made 
B  report  in  which  ho  specially  insisted  on  the  loucocytic  origin  of  the 
alexins,  regarding  this  fact  as  particularly  capable  of  reconciling  the 
biu^tericidul  property  of  the  body  fluids  with  the  theory  of  phagocy- 
tosis. The  alexins,  however,  secreted  by  the  leucocytes,  must,  it  was 
assumed,  carry  out  their  principal  function  in  the  plasmas  of  the 
blood  and  exudations.  Phagocytosi;!i  would  only  intervene  secondarily 
for  the  purpose  of  ingesting  the  micro-or;L;anism8  which  had  been 
already  killed  or  seriously  injured  by  tbe  alexins  of  the  body  fluids. 

^^  Bri(.  Med.  Juurn.,  London,  1892,  Vol  l,  pp.  373,  -492,  591,  604.     A  very  short 
ommarj  of  Uiia  discussion  was  giron  in  the  Deuitdu  med.   Wchntchr.,  Leipzig, 
i»92,  S,  296. 

*  Mundun,  med.  Wchn$chr.,  1884,  S.  717. 
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In  his  last  summary  of  the  question,  presented  to  the  International 
Congress  of  Medicine  at  Paris  in  1900,  Buchner*  mmntains  his  theory 
of  leucocytic  secretions.    But  he  already  takes  one  step  more  towards 
the  theory  of  phagocytosis,  at  least  as  regards  natural  immunity. 
He  consents  to  accept  the  fact  "tliat  phagocytic  activity  is  in  nianyj 
cases  of  decisive  importance  in  overcoming  the  infective  processej*,] 
especially  in  those  cases  in  which  the  secreted  alexins  were  unable 
bring  about  more  than  a  temporaiy  attemiatiou  of  tite  vital  functions' 
of  the  bacteria.     Under  these  cotiditioiis  the  bacteria  could  ouly 
be  modified  iu  so  far  as  their  chemical  functions  were  tranaformed 
into  a  latent  state,  fi'om  which  tliey  would  be  ready  to  regain  theirJ 
full   vita!  activity  sliould   it   happen  that  the   phagocytes  were  not! 
there  to  prevent  them  from  doing  so."     In  any  case  this  view  is] 
[564]  widely  removed  from  the  old  theory,  accofdixig  to  which  phagocytea] 
were  regarded  as  capable  of  ingesting  dead  and  iiiotfensive  bacteria] 
only. 

A  second  adversary  of  the  theory  of  phagocytosis,  von  Behring*,  ' 
gives  a  place  to  this  theory  not  only  iu  certain  examples  of  natural 
immunity  but  even  in  some  cases  of  acquired  immunity,  e.g.  in  the 
immunity  of  sheep  vaccinated  against  anthrax,  an  example  I  have 
already  cited  iu  Chapter  viii  (cf.  supra,  p.  242). 

It  would  tîike  too  long  to  describe  the  change  of  opinion  on  the 
theories  of  immiuiity  that  has  taken  place  during  recent  years.  I  will 
content  myself  with  citing  certain  examples  which  shall  be  taken  from 
the  works  of  declared  adversaries  of  the  theory  of  phagocytosis.  Thua, 
Fliigge,  who  early  declared  ugatiist  the  cellular  theory  completely  and 
categorically  and  at  the  same  time  argued  strongly  iu  favour  of  the 
humoral  theory,  has  been  gradually  led  to  depiirt  from  his  first  position. 
We  may  follow  the  steps  of  his  convei>iion  in  the  different  edition» 
of  his  Outlines  of  Uygiene.  In  the  first  edition  [lublished  in  18U9 
he  exjjresses  himself  in  the  folloAving  manner^:  " Recent  researches 
indicate  the  probability,  however,  that  the  phagocytes  in  by  far  the 
greater  majority  of  cases  seize  the  infective  agents  which,  already 
dead,  are  not  in  a  condition  suitable  for  the  perforniauce  of  a  defensive 
function.  On  the  other  hand,  it  is  proved  that  the  blood  and  bUxid 
plasma  of  warm-blooded  animais  possess  the  projterty  of  destroyingt 
very  quickly,  enormous  numbers  of  pathogotiic  bacteria," ...  etc    Ini 

'  MUnchen.  nud.  Wchntchr.,  1900,  S.  1183. 

*  Evcydop.  JahrbUcher,  Wien,  1900,  Bd.  ix,  8.  203. 

'  "Grnndriss  der  Hygiene,"  Leipzig,  1889,  S.  487. 


the  fourth  edition  of  the  same  work,  published  in  1897,  we  find  at 
the  corresponding  place  the  following  passage^:  "Recent  researchea 
indicate  tlie  probability,  however,  timt  the  theory  of  Metachnikoff...i8 
not  in  a  position  to  offer  a  complete  explanation  of  the  process  of 
immunity."  This  passage  is  followed  by  a  somewhat  conciliatory  and 
eclectic  development  of  the  theory. 

Let  U8  take  as  a  second  example  Gunther's  Introduction  to  the 
Study  of  Bacteriology,  widely  read  both  in  the  original  and  in  trans- 
lations. In  the  first  edition  published  in  1890-  the  theory  of 
phagocytosis  is  curtly  dismissed  as  " being  incai)able  of  withstanding 
criticism."  In  the  fifth  edition  of  the  same  work,  however^  published 
in  1090,  this  theory  is  no  longer  treate<l  thus  summarily.  It  is  given  [565] 
a  place  amongst  tlie  theories  of  immunity  and  an  attempt,  similar  to 
that  made  by  Buchner,  is  made  to  reconcile  it  with  the  humond  theory. 

A  change  in  the  same  direction  may  also  be  observed  in  Chiirrin's 
Tiew.  In  the  first  edition  of  his  Pathologie  générale  ii{fi'ctieuse,  this 
observer*  had  already  tiken  an  eclectic  view  on  this  question  of  the 
theories  of  immunity.  But  the  function  which  he  assigns  to  the 
phagocytes  is  subsidiary  and  secondary,  whilst  to  that  of  the  humoral 
properties  is  assigned  a  position  of  primary  importance.  In  the  second 
edition  of  the  earn©  work,  whicli  ajjpeared  seven  years  latere  the 
importance  of  phagocytosis  is  recognised  in  a  much  larger  measure, 
as  may  be  gathered  from  the  following  passages:  "For  my  part, 
I  have  always  accepted  phagwytosis:  at  the  same  time  I  have 
always  accepted  the  existence  of  special  hinnoral  properties.  As 
early  as  1888  I  showed,  in  tnvo,  that  the  germs  are  modified 
outside  the  cells  ;  but  I  did  not  know  from  what  groups  of  anato- 
mical elements  these  properties  were  derived,  I  exaggerated  their 
imiK)rtance  and  it  is  the  decision  of  this  origin  and  this  importance 
tliat  renders  it  possible  to  reconcile  the  two  theories'"  (p.  250). 
"After  all,  the  defence  reste  upon  these  two  great  processes  or 
cellular  activities,  phagocytosis  in  the  first  line,  and  then  humoral 
influences,  some  of  them  bactericidal  and  injurious  to  the  living  germ, 
othera  antitoxic  and  injurious  to  their  secretions  ''  (p.  233), 

Whilst  the  theory  of  phagocytosis  has  been  consolidated  by  the 

>  "Onindriss  (let  IlTgiene,"  Leipzig,  4«*  Anfl.,  1807,  8.  607. 

»  "Eiufiihrung  in  das  Studium  dor  Bakteriologie,"  Leipsig,  1890,  SL  146. 

*  "Eiiifulinuig  in  daa  Studium  der  Baktoriologie."  fii*  Aiitl.,  1S98,  S.  275. 

*  "  Tnulé  do  médecine  "  de  Charcot,  Bouchard,  et  Briswiud,  ïb'Jl,  1. 1,  pp.  219—230. 
»  "Traité  de  luédeciue...,"  2»  éd.,  ISyS,  t.  i,  pp.  250—204. 


542 


Chapter  XVI 


demonstration  :  (1)  that  the  phagocytes,  in  cases  of  immunitj,  in| 
and  destroy  the  living  and  virulent  micro-organisms  without   tli< 
latter  needing  to  be  previously  deprived  of  their  toxins  ;  (2)  that  th 
phagocytes  absorb  toxic  substiuices  ;  (3)  that  the  pliagocytes  contaii 
bactericidal  cytases  and  produce   fixatives  ;   the  humoral  theorieaj 
in  spite  of  all   the   efforts   made  to  defend  them,  could  never 
developed  as  theories  that  were  in  the  slightest  degree  of  genei 
application.    Certain  observers  who  from  the  first  were  very  sympa 
thetic  to  the  humoral  theories  have  attempted  to  give  a  complete 
summary  of  these  properties.    Thus,  Stern*  and  later  Frank"  have] 
publisiied  reports  dmwu  up  with  great  care  and  in  a  very  im]iartial 
spirit  on  the  works  treating  of  the  propei-ties  of  tiie  body  (luida 
[566]  and  the  part  they  play  in  imraunity.    This  is  how  they  euni  up  th« 
question.    Steni  came  to  the  conclusion   that  it  is  impossible  "l 
denionstnite  at  all  regularly  the  existence  of  relations  between  th 
bactericidal  action  of  the  blood  and  immunity  iu  all  the  infective 
diseases.    In  some  cases,  however,   these  relations  are  so  nmrked] 
that,  for  these  examples,  a  causal   bond   between   the  two  fiictor 
is  extremely  probable."     Frank  expresses   himself  in  the  followin^| 
manner:  "It  follows  most  clearly  that  the  immunity  of  an  animal- 
immunity  innate    or   acquired — corresponds   with    tiie    bactericidal 
])roperty  of  the  blood  in  certain  exceptional  cases  only.    The  onlyj 
animal,  absolutely  susceptible  to  anthrax  and  whoso  blood  is  entirely 
without  any  bactericidal   power,   that  it   is  at  present  possible  to 
cite,  is  the  mouse."    "The  bactericidal  action  of  the  blood  serum 
is  undoubtedly  a  fact  of  great  biological  importance  ;   but  equally 
certfiiidy  it  cannot  be  the  general  cause  of  immunity,  whether  iunald 
or  acquired." 

An  attempt  was  made  to  give  fresh  life  to  the  humoral  theory, 
either  by  assuming  that  the  bactericidal  substance  is  nothing  but 
the  eosinophile  or  pseudo-eosinophile  secretion  of  the  leucocytes  : 
(Kanthack),  or  by  supposing  that  for  the  destruction  of  micro- 1 
organisms  in  the  animal  body  the  intervention  of  the  agglutinative 
substance  dissolved  and  distributed  in  the  body  fluids  is  essential 
(Max  Gniber).  These  two  views  were  put  forward  in  a  tentative 
form  and  as  preliminary  commuuications  only;  there  is  no  possibility 


'  Centralblf.  aUg.  Path.  u.  path.  Attat.,  Jcno,  1894,  Bd.  v,  S.  212. 
'  Lubarsch  n.  Oeterta^s  "  Ërgebnissc  d.  allg.  Path.  u.  puth.  Ânat,"  Wicshiuien, 
1895,  I.  Âbt,  S.  384. 
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of  raising  them  to  the  dignity  of  tbcories,  and  of  late  years  they  have 
not  been  upheld 

It  cannot  be  denied  that  not  one  of  the  humoral  theories  has  been 
able  to  retîiin  its  position  or  to  stand  against  the  numerous  facts  that 
have  been  accumulated  dui-ing  recent  years. 

This  extraordinary  discrepancy  between  the  bactericidal  power  of 
the  body  fluids  ami  immunity  is  explained  by  the  circunisùmce  that 
the  microbicidal  substances  exist  in  the  living  animal  witliin  phagocytes 
and  only  escape  from  them  when  these  cells  have  been  injured.  The 
fact,  so  well  demonstrated  by  Gengou,  that  the  blood  plasma  is  witliout 
any  bactericidal  power  has  given  the  final  blow  to  the  microbicidal 
theory  of  the  body  fluids  and  it  can  no  longer  be  maintained. 

The  humoral  theories,  based  on  the  antitoxic  and  jirotective  power 
of  the  body  fluids,  can  claim  only  a  very  restricted  apjilication.  These 
properties  are  met  with  in  aniuired  immunity  only,  and  even  there 
are  not  constant  Many  cases  of  acquired  immunity  against  njicro-  [567] 
organisms  are  unaccompanied  by  any  antitoxic  power,  and  in  several 
examples  of  this  immunity  the  body  fluids  do  not  exhibit  any  pro- 
tective power. 

Tliere  is  only  one  constant  element  in  immunity,  whether  innate 
or  acquired,  and  that  is  phagocytosis.  The  extension  and  importance 
of  this  factor  can  no  longer  be  denied. 

It  is  clearly  proved  that  phagocytes  are  susceptible  cells  which 
react  against  morbiflc  agentEi,  whether  organised  or  not  These  cells 
ingest  micro-organisms  and  absorb  soluble  substances.  They  seize 
microbes  whilst  these  are  still  living  and  capable  of  exercising  their 
noxious  effect  and  bring  them  under  the  action  of  their  cellular 
contents,  which  are  capable  of  killing  and  digesting  the  micro- 
organisms or  of  inhibiting  their  pathogenic  action.  Phagocytes  act 
because  they  possess  vital  properties  and  a  faculty  of  exerting  a 
fermentative  action  on  morbific  agents.  The  mechanism  of  this  action 
is  not  yet  definitely  settled,  and  we  can  foresee  that  for  future 
researches  there  will  be  a  vast  and  fertile  field  to  be  reached  by 
pursuing  this  path. 

The  present  phase  of  the  question  of  immunity  constitutes  one 
stage  only  in  the  development  of  biological  science  and  one  which 
is  capable  of  many  improvements. 
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Means  of  defence  of  the  animal  against  infective  agents. — Alisorption  of  micro- 
or;;aiiisin$i. — l'haçtKrjteH,  and  tiioir  funclion  in  inflummatiou. — The  action  nf 
phagocytes  in  the  absorption  of  iiiiero-nrgaLisnia. — Tlie  cytases,  pli»g«K-»  lie 
ferments. — The  cytases  are  cluscly  bound  up  with  the  phagocytes. — The  fixativei) 
and  their  function  in  ncinired  inuiiuuity. — The  fixatives  are  escreted  by  the 
phagocytes  and  pa«8  readily  iuto  the  fluids  of  tlie  body. — Essential  luechanLsm 
of  the  action  of  the  fixatives. — Adaptjition  of  phagocytes  to  destroy  micro- 
organiams  in  acqtiircd  immunity. — Difference  between  the  fixatives  and  the 
agglutiiiiiis.—  Antitoxiu.s  and  tlicir  analogy  with  the  fixatives. — Hyixjtheaes  tu 
to  the  origin  of  antitoxins. — Cellular  immunity  is  a  fact  of  general  import- 
Susceptibility  and  it»  rôle  in  iniumnity. — Applications  of  the  theory  of  immuuity 
to  niedical  practice. 

WiiEy  an  animal  reniaing  unharmed  in  epite  of  the  peneti-ation  of 
iufectire  agents  it  is  gaid  to  be  immune  to  the  diseases  usually  set 
up  by  these  ajrents.  This  idea  embraces  a  very  great  number  of 
phenomena  whicli  cannot  always  be  sharjily  separated  from  allied 
piienomcna.  On  the  one  hand,  immunity  is  closely  connected  with 
the  process  of  cure,  on  the  other,  it  is  related  to  the  disease.  An 
animal  may  be  regarded  as  unharmed  if  tlie  peneti-ation  of  a  very 
dangerous  virus  sets  up  merely  an  insignificant  discomfort.  Never- 
theless, this  discomfort  is  accompanied  by  morbid  symptoms,  though 
they  may  l)e  very  slight.  It  is  useless  and  impossible  to  set  up  any 
precise  limits  between  immunity  and  allied  states. 

Immunity  presents  great  variability.  Sometimes  it  is  very  stable 
and  durable  ;  in  other  cases  it  is  very  feeble  and  transient  Immunity 
may  be  individual  or  it  may  be  generic.  It  may  be  the  privilege  of 
a  race,  of  a  species. 

Immunity  is  often  innate,  as  is  the  case  of  the  immunity  which  is 
called  natural.  But  it  may  also  be  acquired.  This  last  category  of 
immunity  may  be  developed  either  by  natural  means,  after  an  attack 
of  an  infective  disease,  or  as  a  result  of  human  intervention.    Tlie 


principal  means  of  obtaining  artificial  acquired  immunity  consists  in 
the  inoculation  of  viruses  and  of  vaccines. 

Immunity  is  a  plienomenon  which  has  existed  on  this  globe  from  [569] 
time  immemorial.  Immunity  must  be  of  as  ancient  date  as  is  disease. 
The  most  simple  and  the  most  primitive  organisms  have  consUintly 
to  struggle  for  their  existence  ;  they  give  chase  to  living  organisms 
in  order  to  obtain  food,  and  they  defend  themselves  against  other 
organisms  in  order  that  they  may  not  become  their  prey.  When  the 
aggressor  in  this  struggle  is  much  smaller  than  its  adversary  the 
result  is  that  the  former  introduces  itself  into  the  body  of  the  latter 
and  destroys  it  by  means  of  infection.  In  this  case  it  takes  up  its 
abode  in  its  adversary  in  order  to  absorb  the  contents  of  its  host 
and  to  produce  witliin  it  one  or  more  generations.  Tlie  natural 
history  of  unicellular  organisms,  both  vegetable  and  animal,  often 
presents  to  us  these  examples  of  primitive  infection. 

But  infection  also  has  its  counter.  Tlie  attacked  organism  defends 
itself  against  tlie  little  aggressor.  It  protects  itself  by  interposing  a 
resistant  membrane,  or  it  uses  all  the  means  at  its  disposal  to 
destroy  the  invader.  As  a  very  large  number  of  organisms,  in 
onler  to  obtidn  nourishment,  are  obliged  to  submit  their  food  to 
digestion  by  various  chemical  substances,  they  utilise  these  sub- 
stances hi  the  struggle  against  the  infective  agents.  They  digest 
them  whenever  they  are  able  to  do  so. 

One  of  the  most  primitive  of  organisms,  the  plasmoilium  of  the 
^!yxomycetc^,  which  is  conijioscd  of  formless  protoplasmic  masses 
intermediate  between  lower  animals  and  plants,  ingests  foreign 
bodies  of  various  kinds.  It  often  happens  that  it  incorporates 
numerous  bacteria  whicii  are  growing  alongside  it  on  rotten  wood 
or  elsewhere.  The  Plasmodium  allows  them  to  live  for  some  time 
•within  its  digestive  vacuoles.  But  in  the  end  it  digests  them  by 
means  of  its  soluble  ferments,  substances  intermediate  between 
pepsin  and  trypsin.  Owing  to  this  digestive  power  the  plasmodia 
are  not  attacked  by  bacterial  infections. 

This  example,  taken  from  amongst  the  most  simple  organisms, 
may  serve  as  a  prototype  for  the  phenomena  of  immunity  in  general. 
At  the  commencement  of  the  study  of  this  remarkable  property  of  so 
many  living  organisms  it  was  thought  that  the  pathogenic  mici*o- 
organisms  encountered,  witliin  the  refractory  organism,  a  medium 
which  <lid  not  allow  them  to  live,  either  because  of  the  absence 
of  certain  nutritive  substances  indispensable  for  their  existence  or 
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because  it  contained  some  sul3stance  injurious  to  micro-orgaoismeb 
[570]  Very   numerous    and    detailed  researches    have   demunâtrated    the 
incorrectness  of  these  hypotheses.    There   are,  of  course,  certain 
pathogenic  niicro-orjïauisms  which  are  very  exacting  as  regards  the 
medium  in  which  tliey  will  grow.     Some  will  develop  only  in  the 
presence  of  jyarticular  substances,  whilst  others  are  extremely  senai- 
tive  to  the  slightest  traces  of  poisons.    These,  however,  are  qui 
the  exception.     The  great  majority  of  pathogenic  micro-organis 
belonging  to  the  group  of   bacteria  readily  adai)t  themselves 
all  kinds  of  culture   njcdia,   and   most  of  them   live  and   develop 
freely  in  the  blood  or  other  fluids  of  refractory  organisms.     This, 
therefore,  is  not  the  cause  of  the  immunity  in  such  orgaixisms.    The 
catise  must  be  sought  for  amongst  factors  more  closely  connected 
with  life. 

Wishing  to  penetrate  more  deeply  into  these  phenomena  the 
hypothesis  was  put  forward  that  the  unhanned  organism  got  ri 
of  the  infective  micro-organisms  by  expelling  them  to  the  outsi 
along  with  the  excreta.     It  was  maintained  for  a  considerable  ti 
that  the  animal  organism  possessed  the  means  of  causing  pathogen: 
bacteria  to  pass  into  the  kidneys,  whence  they  were  eliminated 
the  urine.    It  had  to  be  acknowledged,  however,  that  this  eliminati' 
never  t<akes  place  in  cases  of  immunity,  and  only  comes  into  operati 
when  the  animal  is  ill  and  the  integrity  of  the  renal  filter  is 
paired. 

The  infective  micro-organisms,  after  they  have  entered  into  the 
unharmed  organism,  remaiu  there  for  a  longer  or  shorter  period, 
and    perish   without   being   expelled.      This   di3api)earance    of   the 
micro-organisms    takes    place   by  the   same   mechanism    that   rida 
the  plasu)odium  of  those  bacteria  which  it  has  managed  to  inge^^J 
during   its  slow  peregrinations  over  dead  leaves  or  rotten   woo^^| 
The  micro-organisms  are  absorbed    into   the  refractory   organisms 
as  the  result  of  a  true  act  of  digestion.    It  is  very  remat-kable  that 
the  gastro-intcistinid  ingestion,  so  well  provided  with  means  of  render- 
ing  the   most   varied  aliments    soluble,   is   generally   incapable   of 
digesting  pathogenic  or  other  micro-organisms.     It  is  very  rare  to 
meet  with  soluble  ferments  of  the  intestinal  canal  which  are  capable 
of  digesting  microscopic  organisms,  especially  bacteria.    Consequen 
this  organ,  so  rich  in  digestive  diastases,  is  generally  inhabited 
a  large  number  of  bacteria  and  other  micro-organisms. 

Even  iu  animals  whose  food  contains  large  numlx;»  of  mici 


orguuîsms,  e.g.  the  larvae  of  flies,  the  digestive  juices  are  powerless 
to  destroy  them.  Nevertlieless,  there  are  organisms  which  feed 
exclusively,  or  almost  exclusively,  on  bacteria  and  wliich  are  quite 
capable  of  digesting  them.  Tiiese  are  the  Protozoa,  sucli  as  the 
Avioi'bae  and  certain  Infusoria,  which,  without  any  trace  of  a  [571] 
digestive  tube,  easily  bring  about  this  result.  Amoebae  can  be 
grown  on  the  surface  of  agar  by  tiiking  care  to  sow  along  with  them 
bacteria  for  their  nourish  ment.  It  is  only  necessary  to  give  them 
a  siugle  species  of  micro-organism,  and  this  may  be  selected  from 
the  pathogenic  forms,  such  as  the  cliolera  vibrio  or  tiie  BaciUns  coll. 
Tlie  Amoibae  ingest  a  number  of  these  bacteria  in  the  li^nng  state. 
They  then  kill  them  and  digest  them  in  their  digestive  vacuoles 
which  contiiiu,  along  with  a  little  acid,  a  feruieiit  belonging  to  the 
trypsin  group,  the  amoebodiastase. 

The  bodies  of  lower  and  Ijigher  animals,  alike,  are  very  rich  in 
elements  whicli  closely  resemble  the  Amoebae.  Sometimes  these  are 
to  be  found  in  the  epithelial  cells  of  the  digestive  amal  which  put 
out  protoplasmic  processes  for  the  purpose  of  seizing  food  and  trans- 
ferring it  to  their  interior,  where  it  ia  submitted  to  the  action  of 
digestive  ferments.  Sometimes  they  are  the  cells  disposed  between 
the  body  wall  and  that  of  the  intestinal  canal,  which  float  freely 
in  the  fluids  of  the  body  or  are  more  or  less  fixed  in  tlie  intei-stitial 
titr-sue.  The  animal  kingdom  presents  a  great  variety  of  these 
amoeboid  elements,  known  under  tlie  general  name  of  jiliagocytes 
(cells  capable  of  devouring  solid  bodies).  One  of  the  most  primitive 
arnuigcnicnts  of  phagocytes  is  met  with  in  Ascaris  and  its  allies 
lx;Ionging  to  the  group  of  the  Neniatoda.  AU  the  organisation 
that  these  round  worms  possess  consists  merely  of  four,  or  a  few 
more,  enormous  cells  attaciied  to  the  body  wall.  These  are  phago- 
cytes wiiich  push  out  processes  of  enorruous  length,  cjipable  of 
exploring  the  whole  of  the  inteiiial  cavity  of  the  body. 

The  majority  of  phagocytes  circulate  in  the  lymph  and  blood  and 
pass  into  tiie  exudations.  These  white  corpuscles  have  a  comparatively 
uniform  structure  in  the  luvertebrata  and  present  themselves  as  small 
cells  with  a  nucleus  and  a  ])rotoi>hu<'m  capable  of  amoeboid  move- 
ments. In  the  Vertebrata  we  meet  witli  two  great  categories  of  white 
corpuscles,  of  which  one  group  resembles  tikose  of  the  luvcrtebrata 
in  that  tiiey  also  possess  a  single  large  nucleus  and  an  amoelx>id  proto- 
plasm. These  are  the  macropliages  of  the  blood  and  of  the  lymph, 
and  are  intimately  connected  with  the  macrophages  of  such  organs  as 

35—2 


548 


Chapter  XVII 


^^^ 


the  spleen,  lymphatic  glands,  and  bone  marrow.  Another  group  of 
white  corpuscles  in  the  Vertebrata  is  made  up  of  small  amoeboid 
cells  which  are  distinguished  by  Imving  a  nucleus  which,  although 
single,  is  dividetl  into  several  lubes.  These  are  the  microphages 
[572]  whose  chief  peculiarity,  the  multi-lobed  form  of  the  nucleus,  must 
be  regarded  as  an  adaptiition  for  the  purpose  of  passing  as  rapidly  aa 
possible  through  the  walls  of  capillaries  and  small  veins. 

The  diapedesis  of  the  white  corpuscles,  their  migration  throu; 
the  vessel  wall  into  the  cavities  and  tissues,  is  one  of  the  principal 
means  of  defence  possessed  by  an  animal.  As  soon  as  the  infective 
agents  have  penetrated  into  tlie  body,  a  whole  army  of  white  corpuscles 
I^rucecd  towards  the  menaced  spot,  there  entering  into  a  struggle 
with  the  micro-organisms.  Aided  by  the  special  form  of  their  nucleus 
the  raicrophagcis  are  the  first  to  pass  through  the  walls  of  the  vessels. 
Eacli  of  the  several  small  lobes,  into  wliich  tlie  nucleus  and  its 
protoplasm  is  divided,  passes  readily  through  the  minute  orifices 
between  the  endothelial  cells  of  the  vessels.  Tlie  macrophage» 
follow  the  microphages  and  become  mixed  in  greater  or  less  numbers 
with  the  exudations.  But  it  is  not  micro-organisms  only  which  set 
up  this  inflammatory  reaction  accompanied  by  the  endgration 
the  accumiilation  of  leucocytes.  The  introduction  of  inert  bodl 
and  of  aseptic  fluids  brings  about  the  same  result  The  phagoc; 
are,  as  a  matter  of  fact,  endowed  with  a  special  susceptibility,  whi 
enables  them  to  perceive  exceedingly  small  changes  in  the  cherai 
or  physical  composition  of  the  medium  that  surrounds  them. 

The  leucocytes,  having  arrived  at  the  spot  where  the  intrud 
are  found,  seize  them  after  the  manner  of  the  Anuwlnic  and  with! 
their  bodies  subject  them  to  intracellular  digestion.  This  digestion 
takes  place  in  the  vacuoles  in  which  usually  is  a  weakly  aciil  fluid 
which  contains  digestive  ferments  ;  of  these  a  very  considerah 
number  are  now  recognised. 

Just  as  the  Amoebae  and  the  Infusoria  make  a  choice  from  amon, 
the  small  organisms  that  suitouikI  them,  so  the  leucocytes  ch 
bodies  which  are  best  suited  to  their  use.    The  macrophages 
by  preference  animal  cells  such  aa  the  blood  corpuscles,  the  spcnua' 
tozoa,  and  other  elements  which  are  derived  from  animals.   Among 
infective  micro-organisms  the  macrophages  have  a  predilection 
those  that  set  ui>  chronic  diseases  such  as  leprosy,  tuberculosis, 
actinomycosis  and  also  for  those  which  are  of  animal  nature, 
this  last  category  come  the  amoeboid  parasities  of  malaria,  Te 


fever  and  the  Trypanosomata.  The  macrophages  can  also  ingest 
tUe  bacteria  of  acute  diseases,  but,  save  iu  exceptional  cases,  their 
intervention  is  of  little  moment 

The  raicrophajïes,  on  the  other  hand,  appear  to  play  their  part  [573] 
specially  iu  acute  infections.  Their  intervention  against  animal  cells 
is  nil,  or  almost  so.  Thus  they  rarely  seize  the  red  corpuscles  of 
the  same  or  of  a  foreign  species  of  animal.  They  also  appear  to  be 
repelled  by  panisites  of  animal  origin  and  by  certain  bacteria  which 
set  up  chronic  diseases.  Wiiilst  the  macrophages  seize  the  bacilli 
of  leprosy  with  great  avidity,  the  microphagea  ingest  them  only 
exceptionally. 

The  morphological  and  physiological  differences  between  the  two 
great  categories  of  mobile  phagocytes  (leucocytes),  correspond  to 
differences  in  the  conipositiou  of  their  soluble  fennents.  Just  as  the 
Amoebae  digest  their  prey  by  means  of  their  amoebodiastase,  a 
soluble  fennent  of  the  group  of  trypsins,  so  the  white  corpuscles 
submit  the  foreign  bodies  ingested  by  them  to  the  action  of  what  are 
now  known  aa  cytases.  These  cytases  (alexins  or  complements  of 
other  writers)  are  soluble  ferments  which  also  l)elong  to  the  trypsin 
group.  They  act  in  a  medium  which  is  feebly  acid,  neutral,  or  feebly 
alkaline,  and,  like  the  amoebodiastase,  they  are  distinguished  by  a 
great  sensitiveness  to  heat.  When  the  cytases  are  contained  iu  fluids, 
a  temperature  of  55° — 56^  t'.  destroys  thera  rapidly  and  completely. 
When  they  are  found  in  organs  reduced  to  the  state  of  an  emulsion, 
their  sensitiveness  dimini^thes  and  it  is  necessary  to  raise  the  tempera- 
ture to  58° — 02^  C.  in  order  to  destroy  their  activity. 

Bordet  maintains  that  the  cytases  are  very  different  in  the  variou8 
«pecies  of  animals,  but  that  iu  the  same  species  only  one  cytase 
exista.  Ehrlich  and  Morgenroth,  on  the  other  hand,  hold  that  the 
fiame  serum  contains  several,  sometimes  many,  different  cytiises. 
This  question  is  too  difficxdt  to  be  definitely  solved  at  present  It 
ttp|>ears  to  me  very  probable  that  there  exist,  in  the  same  ejiecics  of 
animal,  two  different  cytases.  One  of  these,  the  macrocytase  which 
is  found  in  the  lymphoid  organs  and  in  tlie  serum  of  the  blood,  acts 
more  j>articularly  ou  animal  cells.  Thanks  to  this  substance  an 
extract  or  maceration  of  the  spleen,  omentum  or  lymphatic  glands 
iiissolves  the  red  blood  corpuscles  more  or  less  readily  ;  these  extracts 
and  macerations,  however,  are  incapable  of  destroying  iKicteria. 
When  the  macrophages  seize  the  nucleated  blood  corpuscles  they 
digest  them  completely,  not  sparing  even  the  nucleus,  so  resistant 
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[67-»]  to  attack,  but  when  the  eanie  phagocytes  ingest  such  micro-orc:aTiif 
as  are  most  easily  digested,  such  as  the  cholera  vibrio,  their  action 
feeble.  The  vibrios,  without  any  transformation  into  granules,  re- 
main alive  for  some  time  and  are  destroyed  and  dijE^estcd  with  very 
great  difficulty.  The  cytase  of  the  microphages,  or  microcytase, 
distinguished  by  other  properties.  It  destroys  and  digeste 
many  micro-organisms,  but  has  little  or  no  action  upon  the  red  bk 
corpuscles  and  other  aiiinial  colls.  The  exudations  which  are  rich 
macrophages,  such  as  those  of  the  lymphoid  organs,  are  not  at  all 
or  only  slightly  bactericidal,  hut  exhibit  a  solvent  action  on  red 
blood  cori»uscles.  On  the  other  hand,  the  exudations,  which  are 
composed  in  great  part  of  microphages,  leave  red  blood  corpuscle» 
intjjct,  but  readily  destroy  micro-organisms.  Similar  properties  dis- 
tinguish the  bone  marrow,  extracts  and  suspensions  of  which  do  not 
dissolve  red  corpuscles,  but  attiick  micro-organisms.  Now,  we  know 
that  the  bone  marrow  is  the  principal  seat  of  origin  of  the  micro- 
phages. 

Even  after  the  addition  of  some  of  the  specific  fixative  to  the 
microphagic  exudations  no  solution  of  the  red  corjiusclcs  is  producwl, 
which  deuionstnites  most  clearly  that  the  microcytase  is  re;dly  ii 
capable  of  attacking  these  animal  cells. 

We  are,   therefore,   compelled   to  accept  the  existence  of  tw~ 
different  cytases,  of  which  one  (the  macrocytase)  acts  specially  upon 
elements  of  animal  origin,  and  the   other  (the  microcytase)  acts 
principally  on   niicro-organisms.      The  indication    of  any  more 
taile<l   ditlbrentiations    is  impossible  in   the   present  st-'ite   of   oa 
knowledge. 

There  are  certain  ferments  which,  during  the  life  of  the  cell*" 
which  produce  them,  pass  readily  into  the  surrounding  Huids.  For 
instance,  sucraae  can  be  recovered  without  tlitficulty  from  the  culture 
fluid  of  moulds  and  yeasts.  The  ferments  of  the  intestinal  digestiini 
also  pass  with  great  facility  into  the  secreted  fiuiils.  Uther  solulik- 
ferments,  on  the  other  baud,  remain  very  closely  bound  up  with  the 
cells  which  maniifiicture  them.  Thus  the  zymase  of  the  yeasts  CâD 
only  be  freed  from  the  cells  of  these  fungi  with  great  difiiculty,  under 
the  influence  of  great  pressure  and  under  conditions  which  pro- 
foundly alter  the  cell.  The  i>roteolytic  ferment  of  the  yeast  is  also 
very  adherent  to  the  cells  of  these  organisms.  The  fibrin-ferment,  or 
plasmtise  of  the  white  cor|)uscles,  is  not  secreted  by  these  cells  so 
long  as  they  are  quite  intact.     But  it  is  suSicieut  to  subject  tliem  to 
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îïnfavourable  conditions  of  existence  to  cause  them  to  throw  it  out 
from  their  bodies.     The  leucocytes,  when  renioveti  from  the  animal,  [575 
undergo  a  deterioration  which  soon  leads  to  the  deposition  around  ■ 
them  of  filaments  of  fibrin. 

The  cytases  must  also  be  grouped  with  the  soluble  ferments  which 
are  not  thrown  off  by  the  pha^^ocytes  so  lon;:^  as  these  remain  intact,  fl 
Immediately  these  cells  are  injured,  however,  they  allow  a  part  of 
their  cytsises  to  e«»C!ipe.  Ijï  the  blood,  withdrawn  from  the  animal, 
the  white  corpuscles  allow  the  plasmase  to  pass  into  the  fluid,  where  fl 
it  sets  up  the  coagulation  of  the  fibrin  and  the  formation  of  a  clot. 
At  the  same  time  these  cells  give  up  some  of  their  cytases  which 
communicate  to  the  serum  its  haemolytic  and  bactericidal  propeilies. 
Tliis  fact  is  of  the  highest  importance  in  connection  with  the  question 
of  immunity.  The  best  demonstration  of  this  has  been  funjishe<l 
by  a  comparison  of  the  bactericidal  power  in  the  different  parts  of 
the  body  and  in  the  body  fluids  extnicted  from  the  animal. 

When  micro-organisms  are  iritroducetl  into  tliose  situations  in  the 
refractory  animal  which  contain  pre-existent  leucocytes,  the  leuco- 
cytes, under  the  influence  of  the  shock,  undergo  serious  lesions, 
accompanieil  by  the  throwing  out  of  the  cytases.  Under  these  con- 
ditions the  least  resisUint  micro-orgnnism»  (such  as  the  cholera  vibrio) 
exhibit  undeniable  signs  of  deterioration  :  they  become  transformed 
int<>  granules  and  may  even  die  in  greater  or  less  numbers.  When, 
however,  tlie  leucocytes  are  well  protected  and  withstand  the  in- 
jection of  the  micro-organisms  without  being  profoundly  altered,  the 
extnicellular  destruction  of  the  micro-organisms  does  not  take  place. 
On  the  contrary,  a  very  rapid  phagocytosis  is  produced  which  brings 
alxiut  the  death  and  intracellular  digestion  of  these  micro-organisms. 
Under  these  conditions  vibrios  are  also  transformed  into  graniUes 
and  perish,  but  only  within  the  leucocytes.  The  phenomena  I  have 
just  mentioned  are  brought  about  in  the  peritoneal  cavity  and  in 
the  blood  vessels  of  refnictoiy  animids,  that  is  to  say,  in  situations 
rich  in  leucocytes. 

In  the  subcutaneous  tissue,  in  the  fluids  of  oedemaa  and  in  the 
anterior  chamber  of  the  eye  of  these  same  refractory  animals,  the 
phenomena  are  very  different  As  in  these  situations  there  are  no 
pre-existing  leucocytes  or  their  number  is  insignificant,  the  micro- 
organisms introduced  do  not  suft'er  serious  injury  ;  they  continue  to 
live  up  to  the  moment  when  the  leucocytes,  having  come  up  as  the 
result  of  the  inflammatory  reaction,  seize  them  alive,  kill  them, 
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[576]  ami   digest   them   witliin   their   substjince.    Just  as  it  is   ( 

ijitiiation»  populated  by  pre-existing  leucocytes,  to  suppress  the 
extracellular  destruction  of  the  micro-organisms  by  preserving  the 
phagocytes  against  injury  or  phagolysis,  so  this  same  extracellular 
destruction  is  easily  set  up  in  situations  where  leucocytes  are  absent. 
■Wlien,  after  exudations  rich  iu  leucocytes  have  been  injected  into 
the  8ubcut;»neou8  tissue,  we  introduce  micro-organisms  which  are  not 
very  resistant,  such  as  the  cholera  vibrio,  it  is  observed  that  thesi 
vibrios  are  destroyed  outside  the  cells,  having  first  been  transformi 
into  granules. 

There  can  be  no  doubt  as  to  the  conclusion  to  be  drawn  from  these 
various  experiments.    The  microcytase  is  tlie  substance  which  trans 
forms  the  vibrios  into  granules.    It  is  within  the  niicropliages,  wh 
they  remain  intact,  that  the  vibrios  undergo  transformation.     Whei 
on  the  other  hand,  the  microphages  are  injured  and  aUow  the  vai 
cytase   to  escape,  the  transformation   of  the  vibrios  into  grauul 
and   their  partial   destruction  take  place  in   the  plasmas  out«idi 
the  phagocytes. 

This  conclusion  is  supported  by  comparative  researches  on  the 
bactericidal  power  of  the  serum  and  of  the  blood  plasma  outside  the 
animal.  It  is  true  that  it  is  impossible  to  prepare  a  fluid  which 
shall  in  all  respects  be  comparable  to  the  plasma  of  the  circulating 
blood,  Tliere  is,  however,  always  a  means  of  obtaining  outside  the 
animal  a  fluid  which  approaches  much  more  closely  to  blood  plasma 
than  does  serum.  Gengou  succeeded  in  j)reparing  in  tubes  cofite 
internally  with  paraffin  a  fluid  which  coagulates  very  tartlily,  am 
which  contains  very  little  fibrin-ferment  This  fluid  is  found  to 
mucli  less  bacterîci<lid  than  is  the  blood  serum  of  the  same  animal 
It  is,  indeed,  often  found  to  be  entirely  without  bactericidal  power, 
whilst  tlie  corresponding  serum  is  capable  of  destroying  a  large 
number  of  micro-orgjitiistus. 

In  the  phenomena  of  the  absorption  of  cells  also  a  great  number 
of  facts  are  met  with  which  demonstrate  that  the  macrocytase 
escapes  from  the  niacropliages  at  the  moment  of  their  phagolysis 
only.  For  example,  the  extracellular  solution  of  the  red  corpuscles 
takes  place  easily  in  the  peritoneal  fluid  of  animals  prepared  by 
a  previous  injection  of  the  same  corpuscles.  Wiien  the  leucocytes 
of  the  peritoneal  cavity  are  abandoned  to  their  fate,  a  mailed 
phagolysis  is  produced  and  consequently  a  solution  of  the 
corpuscles  in  the  fluid  itself.    When,  on  the  other  hand,  phagolyaii' 
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18  prevented,  the  macrophages  remaining  intact  do  not  allow  their  [677] 
macrucytase  to  escape  and  the  solution  of  the  red  corpuacles  takes 
])liice  almost  exclusively  inside  the  phagocytes. 

In  certain  animals  the  blood  serum  arrests  tlie  movements  of  their 
own  spermatozoa  at  once,  whilst  these  remain  quite  motile  in  the  animal 
it«elf.  This  is  due  to  the  fact  that  the  immobilising  macrocytase 
is  contîiined  witliiu  the  macropliages  and  does  not  escape  from  them 
so  long  as  these  cells  remain  iutiict.  When,  in  such  animals,  their 
own  spermatozoa  are  introtluced  into  the  subcutaneous  tissue,  they 
remain  motile  for  a  long  time  ;  when,  on  the  contrary,  the  sperma- 
tozoa are  injected  into  the  peritoneal  cavity,  wljcre  the  leucocytes 
have  not  been  prepared,  phagolysis  is  produced  at  once  and  the 
spermatozoa  become  motionless  immediately. 

As  all  these  <lata  agree  in  demonstrating  th.it  the  uninjured 
phagocytes  retain  the  cytases — which  remain  within  them,  and  are 
not  foimd  in  the  surrounding  fluids, — we  can  readily  understand  the 
reason  for  the  diflerences  between  tiie  phenomena  of  iuununity  and 
the  bactericidal  power  of  the  body  fluids.  The  rat's  serum  ia  capable 
of  destroying  a  large  number  of  anthrax  bacilli,  althoiigh  these 
rodents  are  certainly  susceptible  to  anthrax.  The  reason  for  this 
is  that  in  the  serum  of  the  rat  the  bacilli  are  destroyed  by  the 
microcytase  which  is  set  at  liberty,  whilst  in  the  body  of  the  animal 
it  remains  enclosed  within  the  bodies  of  the  living  microphages. 
So  long  as  these  cells  exhibit  a  negative  chemiotaxis  against  the 
anthrax  bacillus,  the  micro-organism  remains  in  the  plasma,  where 
it  is  not  interfered  with.  Thanks  to  this,  multiplication  of  the  bacilli 
goes  on  in  the  body  of  the  animal,  the  micro-organism  killing  it  after 
becoming  generalised  in  the  blood  and  in  the  organs.  The  suscepti- 
bility of  the  leucocytes  is,  then,  the  cause  of  the  death  of  the  rata 
from  anthrax,  the  organism  of  these  rodents  l.»eing  unable  to  take 
advantage  of  its  richness  in  bactericidal  microcytasa 

Anotlier  paradoxical  fact  is  met  with  in  guinea-pigs  immunised 
against  Gamaleia's  vibrio  (  Vibrio  metclinihm).  As  demonstrated  by 
von  Behring  and  Nissen,  the  blood  serum  of  these  guinea-pigs  is 
very  bactericidal  for  the  vibrio  in  question.  A  contact  of  less  than 
Ian  hour  is  quite  sufficient  to  destroy  large  numbers  of  the  micro- 
organisms. Nevertheless,  when  a  small  dose  of  a  culture  is  injected 
subcutaneously  into  these  hyper  vaccinated  guinea-pigs,  the  vibrios 
emain  alive  for  several  days,  up — indeed,  to  the  moment  when  they 
re  ingested  and  destroyed  by  the  leucocytes  which  come  up  in  large 


554 


Chapter  XVII 


numbei-s  to  the  menaced  spot.    Tliîs  apparent  contradiction  is  easil 
explajne<i  by  the  fact  that  it  is  in  the  serum  only  that  tlie  vibrios  ec 
counter  the  microcytase,  which  has  escaped  fi'om  the  microphages  jk 
the  time  of  the  formation  of  the  clot  and  the  separation  of  the  serum. 
[578]       Alongside  those  cases  in  which  the  serum  of  susceptible  animal«_ 
is  found  to  be  very  bactericidal,  examples  are  not  wanting  wber 
the  blood  and  the  senim  of  refractory  animals  are  entirely  withoull 
this  power.      For  instance,   the   pigeon    is    refractory   to   Pfeifter's 
influenza  bacillus,  but  the  blood  of  the  pigeon  forms  the  best  culture 
medium   for    this   micro-ors^anism.     The  dog  is    refractory   to  the 
anthrax  bacillus,  against  which  the  blood  scrum  of  the  same  animal 
is  not  at  all  bactericidal.    The  cause  of  this  absence  of  parallelism 
between  iminuiiity  and  the  bactericidal  power  of  the  serums  must 
sought  in  tlie  difficulty  with  which  the  cytases  escape  from  the  leucc 
cytes,  and  also  iu  the  niodificutiona  which  they  may  undergo,  once  th< 
are  distributed  in  the  fluids. 

In  ctises  of  natural  immunity,  the  cytases  rid  the  animal  of  the_ 
micro-orgauisras  without  the  slightest  observable  co-operation  on  th< 
part  of  other  soluble  ferments.    It  is  impossible  to  settle  definitely' 
even  the  question  whether,  in  animals  which  enjoy  this  innate  im- 
munity, there  exists,  alongside  the  microcytase,  any  ferments  which 
come  to  its  aid.    The  conditions  are  quite  otherwise  in  a  very  large 
number  of  cases  of  acquired  immunity.    Here  it  is  found,  as  a  fairly 
general  rule,  that  in  addition  to  the  microcytases  there  exist  other 
substances  whose  rôle  in  the  defensive  action  offered  by  the  aniroolj 
agiiiust  micro-organisms  is  very  important.     These  substiinces  are' 
fixatives  which  co-operate  in  a  remarkable  fashion  with  the  bacteri- 
cidal   action   of  the   cytases  ;    but   whilst    these   latter   injure   the 
bacterial  cell  directly,  the  fixatives  do  not  interfere  with   its  life. 
The  bacteria,  permeated  by  fixatives,  may  even  continue  to  re]>rotluce 
themselves  and,  under  certain  conditions,  to  invade  the  animal.    Tlie 
fixatives,  then,  are  not  bactericidal,  but  by  fixing  themselves  upon 
the  micro-organisms  they  render  them  much  more  susceptible  to 
the  bactericidal  action  of  the  microcytases.    These  latter  are  further 
distinguished,    in    several    other  respects,   from  the   cytases.     The 
fixatives  must  also  be  classed  with  the  group  of  soluble  fennent 
but  they  resist  much  higher  temperatures  than  those  which  destroy' 
the  cytases.    Whilst  the  latter  are  quite  destroyed  at  65°  C,  the 
fixatives,  to  be  completely  alteretl,  must  be  heiite<l  to  beyond  60° 
and  even  65°  C.    On  the  other  hand,  the  fixatives  arc  distiuguishe 
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by  a  high  specificity  which  is  never  obserred  in  the  cytaj*es.  The 
m^orJty  of  the  fixatives  are  incapable  of  fixing  themselves  upon 
more  than  a  single  species  of  bacteria  or  upon  a  single  class  of 
animal  cells,  and  only  certain  of  them  can  fix  themselves  \ipon 
allied  species  or  cells,  such  as  the  red  corpuscles  of  seveml  species 
of  animals.  In  these  cases,  too,  there  exists  a  sharp  quantitative 
difference  between  the  fixation  on  the  different  formed  elements. 
The  same  microcytases  are,  on  the  other  hand,  able  to  attack  all 
kinds  of  micro-organisms,  and  the  same  macrocytases  attack  all  kinds 
of  animal  cells. 

We  have  seen  that  the  cytases  correspond  to  the  zymase  and  to 
the  proteolytic  diast^ise  of  the  yeasts  in  the  sense  that  all  these  soluble 
ferments  adhere  with  tenacity  to  the  cells  which  produce  them  and 
contain  them.  The  fixatives,  in  this  respect,  approach  sucrase 
(invertin)  :  these  various  soluble  fermente  pass  readily  into  the  fluids 
which  bathe  the  cells  that  protluce  them.  The  fixatives  are  found 
not  only  in  the  blood  serums,  prepared  outside  the  body,  but  also  in 
the  blood  jtlavma,  whence  they  pass  into  the  fluids  of  the  exudations 
and  transudations.  Whilst  no  cytases  are  found  in  the  subcutsmeous 
tissue,  or  in  the  clear  fluids  of  ocdemas  containing  no,  or  almost  no, 
cells,  fixatives  are  not  absent  from  these  various  situations  just 
uulicated.  For  this  reason,  when  micro-organisms  are  introduced 
Hubcutaneously,  they  are  not  found  to  be  altered  by  the  cytases, 
but  it  is  easily  seen  that  they  are  permeated  with  fixatives.  The 
same  rule  applies  to  the  fixatives  of  the  animal  cells.  In  the 
example  we  have  cited,  the  spermatozoa,  in  an  animal  whoi<e  serum 
readers  these  cells  motionless,  remain  ipiite  motile  in  the  e]>ididymis 
and  below  the  skin.  From  this  fact  it  may  be  coiJclu<lcd  that  these 
Hituations  contain  no  free  miicrocytiise.  It  is  sutticietit,  however,  to 
odd  to  these  motile  spermatozoa  a  drop  of  normal  serum  contain- 
ing macrocytase  to  stop  their  movements  at  once,  the  fixative 
being  well  distributed  in  the  phisma  of  the  living  animal  Tiie 
spermatozoa,  then,  were  eensibilised  by  the  fixative  which  was  found 
in  both  the  epididymis  and  in  the  subcutaneous  tissue. 

The  cytases  aœ  soluble  ferments  which  are  essentially  intnv- 
■^lular:  the  fixatives  are,  on  the  other  hand,  soluble  ferments 
which  are  humoral  These  fixatives,  however,  although  circulating 
in  the  plasmas,  are  undoubtedly  of  cellular  origiu.  This  fact  was 
first  demonstrated  by  Pfeifter  and  Marx,  who  found  the  specific 
fixative  of  cholera  vibrios  in  the  ^'  haematopoietic  organs,''  that  is  to 
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gay,  in  the  spleen,  lymphatic  glands,  and  bone  marrow,  at  a  period' 
[580]  when  there  was,  as  yetj  none  in  the  blood.     This  fact  lias   been 
extended  to  other  examples  of  fixatives  of  micro-organisms,  and  it 
cannot  be  questioned   that  the   phagocytes   produce  these  soluble  i 
ferments.   Under  the  influence  of  the  introduction  of  micro-organisms  | 
into  the  body,  a  phagocytic  reaction  is  produced  which  has,  as  a 
consequence,  the  digestion  of  these  micro-organisms  and  the  pro- 
duction of  corresponding  fixatives.    There  is  every  reason  to  believe | 
that,    in    these    cases,    it   is    the    microphages   which,    seizing  and 
digestitig  the  micro-organisms,  produce  the  fixatives. 

But  tlie  macroi)li;iges  are  also  capable  of  producing  these  ad- 
juvant ferments.  Even  in  normal  animals  the  macrophagic  oi^us^j 
such  as  the  spleen,  and  especially  the  mesenteric  glands,  contain' 
fixatives  which  help  in  the  solution  of  the  red  blood  corpuscle». 
Into  this  group  of  facts  we  n^ust  also  place  the  production  by  the 
mesenteric  glands,  as  well  as  by  certain  other  lymphoid  organs, 
and  the  leucocytes  of  exudations  and  the  blood,  of  enterokynase,— 
the  soluble  ferment  which  aids  the  digestive  action  of  trypsin. 
This  enterokynase  is  also  a  species  of  fixative  ;  it  permeates  the 
flakes  of  fibriti  and  renders  them  much  more  accessible  to  the  in- 1 
fluencc  of  the  tiypsins. 

The  fact  that  the  enterokynase  of  the  Intestinal  digestion  corre- 
sponds in  so    many   respects    to    the    fixatives   which   act    in    the 
absorption  of  fonncd  elements  in  general  and  of  micro-organisms  j 
in  particular,  furnishes  a  further  proof  that  tlie  destruction  of  micro- 
organisms in  the  animal  is  an  act  similar  to  true  digestion. 

Phagocytes,  those  elements  which  acconiplish  the  absorption  of^ 
micro-organisms  and  of  animal  cells,  those  holders  of  digestive 
cytases,  are  also  the  manufacturers  of  fixatives.  Having  brought 
about  this  absorjition,  the  phagocytes  set  to  work  to  elaborate  large  | 
quantities  of  fijtatives,  although  they  are  unable  to  increase  the 
amount  of  cytases  in  any  marked  degree.  Tlie  fixatives,  produced 
in  abundance,  can  be  excreted  outside  the  phagocytes  and  pass  into 
the  blood  plasma,  and,  with  it,  into  the  fluids  of  exudations  and 
transudations.  But  this  excretion  is  not  an  indispensable  act  for  the 
functioning  of  the  fixatives.  As  these  ferments  prepare  the  way 
for  the  digestive  action  of  the  cytases,  it  is  necessary  only  that  they 
shoidd  be  able  to  fix  themselves  on  the  formed  elements  before  the 
latter.  It  is,  therefore,  easy  to  explain  cases  of  acqxiired  immunity 
in  which  no  fixatives  are  found  in  the  body  fluids.    Such  examples] 
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are  not  rare,  and  are  characterised  by  tlie  absence  of  any  protective 
action  on  the  part  of  the  blood  serum.  In  these  cases,  the  fiA'atives,  [581] 
whose  existence  is  very  probable,  remain  lodged  within  tlie  phago- 
cytes, just  as  are  the  cytases.  Within  these  digestive  cells  the 
fixatives  may  quite  well  fulfil  their  preparatory  rule,  this  being 
followed  immediately  by  the  action  of  the  cytase.  The  same  rule 
may  apply  also  to  the  cases  of  absorption  in  the  unprejjared  animal, 
where  fixatives  are  not  found  in  the  blood  serum,  but  where  they  are 
able  to  act  witlitn  phagocytes. 

The  excretion  of  fixatives  into  the  plasmas,  which  constitutes  the 
rule  in  cases  of  acquired  immunity,  presents  an  analogj"  with  the 
excretion  of  pepsin  into  the  blood.  This  soluble  ferment  can  and 
does  pass  habitually  from  the  stomach  into  the  blood  .ind  thence 
into  the  urine,  where  it  is  often  met  with.  As  the  pepsin,  which  only 
acts  in  an  acid  medium,  cannot  be  utilised  in  the  alkaline  blood 
plasma,  it  is  evident  that  its  excretion  is  only  the  consequence  of  a 
too  abundant  over-production. 

In  recent  years  great  attention  has  been  paid  to  the  essential 
mechanism  of  the  action  of  fixatives  on  the  formed  elements  on  the 
one  hand,  and  on  the  cytases  on  the  other.  According  to  Ehrlich, 
the  fixatives  are  IxKlies  intermediate  between  the  two.  In  pos- 
session of  two  haptophore  molecular  groups,  they  are  capable  of* 
entering  into  chemical  combination  with  the  micm-organisms  or 
the  animal  cells  on  the  one  hand,  and  with  the  cytases  on  the  other. 
It  is  for  this  reason  that  Ehrlich  applies  to  them  the  name  of 
"amboceptors"  or  "intermediary  substances."  Based  on  analogous 
examples  in  organic  chemistry,  Ehrlich  tliinks  that  the  fixatives 
serve  to  introduce  the  cytases  into  the  cells  upon  which  they  have 
to  act  Bordet  does  not  share  this  view  and  nuiintuius  that  the 
action  of  the  fixatives  is  not  a  chemical  action  in  the  proper  sense 
of  the  word,  but  is  a  kind  of  mordanting  which  sensibilises  the  formed 
elements  to  the  fermentative  action  of  the  cytiiscs.  According  to  him, 
the  fixatives  have  no  affinity  for  the  cytases  and  in  no  way  serve 
them  as  intermediaries,  for  which  reason  he  gives  to  them  the 
name  of  sensibilising  substances.  The  question  is  still  under 
discussion,  but  we  may  hope  that  it  will  soon  enter  into  its  final 
phase. 

According  to  Ehrlich's  theory,  the  fixatives  contain  no  product 
coming  from  the  micro-organisms  or  from  the  animal  cells  upon 
which  they  are  fixed.     The  fixatives  are,  according  to  him,  side- 


558 


Chapter  XVII 


chuîiig  or  receptors,  produced  in  excess  and  expelled  into  the 
[582]  plasma  by  the  cells  which  produce  them.  Ehrlich  does  not  tell  us  to 
what  category  these  cells  belong  ;  he  maintains  only  that  these  cell 
must  be  in  possession  of  receptors  endowed  with  a  specific  aifinit; 
for  certain  molecular  groups  of  micro-organisms  and  of  aninml  cells. 
Ab  soon  as  the  receptors  are  saturated  by  these  molecular  grouiw, 
the  cells  which  make  use  of  the  former  for  their  nutrition  pro^Uice 
them  in  superabuudaut  quantity.  The  cells  of  animals,  treated  with 
micro-orgiinisms  and  their  soluble  products,  or  with  red  blood 
corpuscles  or  any  other  kind  of  element  of  animal  origin,  acquire 
the  property  of  elaborating  more  and  more  of  the  coi-respondlng 
receptors,  a  large  proportion  of  which  are  expelled  into  the  bluotl' 
plasnui. 

The  common  point  between  Ehrlich's  theoiy  and  the  view  main- 
tained in  this  work  consists  in  the  ailmissian  of  a  cellular  property* 
which  develops  more  and  more  in  proportion  to  the  treatment  of  the 
animal  by  formed  elements  of  all  kinds.  As,  in  acquired  imrauidty 
against  micro-organisms,  the  fixatives  are  most  frequently  found  in 
the  body  fiuids,  it  must  be  concluded  that,  in  all  these  coses,  the 
cells  which  produce  them  have  beconie  adapted  by  a  kind  of 
.eductition  to  manufacture  increasing  quantities  of  fixatives.  But 
even  in  those  cvaniples  of  acquired  immunity  wliere  fixatives  are 
not  found  in  the  plasmas,  we  must  accept  a  modification  of  the  cells 
which  resist  the  invasion  of  micro-orgiiuisnis.  These  changes  in  the 
cellular  properties  conatitute,  therefore,  the  most  general,  and  conse- 
quently the  most  important,  element  in  acquired  immunity  against 
micro-orgjiuisms. 

As  already  mentioned  Ehrliclt  does  not  assign  any  position  to 
the  cells  which  exhibit  these  modifications.  It  must,  however,  be 
accepted  that  they  belong  to  the  category  of  phagocytes.  Indeed, 
the  phagocytes  put  themselves  into  most  intimate  contact  with  the 
micro-organisms  and  foreign  animal  cells,  and  it  is  in  the  phagocytic 
organs  that  the  fixatives  are  found  bciure  they  are  met  with  in 
the  blood  plasma.  It  may  then  be  concluded  thai,  in  acquired 
immunity  against  micro-organisims,  the  phagocytes  become  adaptc<l 
to  eUibonite  tlie  fixatives  in  large  quantities,  of  which  a  portion  iis 
excreted  into  the  body  fiuids,  as  has  been  shown  in  many  examples  of 
such  immunity. 

The  progressive  adaptation  of  the  phagocytes  in  intracellidar 
digestion  can  be  demonstrated  by  the  fact  that  in  an  immuuiaed 
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animal  the  fixatives  are  found  more  especially  in  the  phagocytic 
orgitus.  The  leucocytes  which  digest  gelatine  exhibit  in  an  even  [583] 
mure  distinct  fashion  the  modification  of  these  cells  in  animals  which 
have  received  several  injections  of  gelatine.  The  leucocytes  of  exuda- 
tions, when  the  fluid  is  removed,  become  mucli  more  titted  to  digest 
the  gelatine  than  they  were  at  first. 

A  similar  adaptation  is  idso  oUservetl  in  intestinal  digestion,  which 
may  servo  ab  a  fresh  point  of  comparison  between  the  intracellular 
digestion  of  the  phagocytes  and  the  extracellular  digestion  in  the 
intestines.  Tlie  pancreas,  in  ortlcr  to  secrete  its  soluble  ferments,  ada])ts 
itself  to  the  nature  of  the  food  which  passes  into  the  digestive  canal. 

The  fixatives  are  not  the  only  soluble  ferments  which  appear  in 
large  quantities  in  the  fluids  of  the  immunised  animal.  Vei7  often 
there  are  found  along  with  them  suljstance»  wliicli  agglutinate  the 
micro-organisms  in  animals  which  have  received  several  injections  of 
micro-organisms  of  the  same  or  an  idlied  species.  The  f*ame  fact 
is  observed  in  animals  treated  with  animal  cells.  Thus  the  fluids 
of  animals  injected  with  blood  corpuscles  become  agglutinative  for 
these  corpuscles. 

The  analogy  between  the  agglutinins  and  the  fixatives  is  so  great 
that  for  some  time  several  observers  assumed  them  to  be  one  and 
the  same  subst^ince.  This  can  no  longer  be  upheld,  for  it  is  clearly 
demonstrated  that  the  property  of  the  body  fluids  to  agglutinate 
micro-organisms  and  animal  cells  is  different  from  that  which  brings 
about  their  permeation  by  fixatives.  Tlie  agglutinins  resist  the 
same  tempcnitures  as  the  fixatives  :  both  are  specific  to  the  same 
degree  and  pass  equally  from  the  cells  which  produce  them  into  the 
]ilimmas  of  the  blood,  lymph,  exiulations,  and  transudations.  The 
agglutinins  capable  of  cUunpitig  the  formed  elements  into  masses 
may,  under  certain  conditions,  render  their  ingestion  by  the  phago- 
cytes more  easy.  In  general,  however,  the  part  played  by  the 
agLçlutinins  in  acquired  immunity  must  be  regarded  as  of  little 
importance,  and  for  that  reason  we  abstain  from  basing  any  theory 
of  this  immunity  on  the  tigglutinative  property  of  the  bo<ly  fluids. 
Besides  fixatives  and  agglutinins,  the  fluids  of  an  animal  which  has 
acquired  immunity  very  probably  possess  other  properties  which 
must  have  a  greater  or  less  function  in  acquired  immunity.  Thus, 
we  are  often  struck  by  the  stinmlating  action  of  these  fluids  on  the 
normal  animal  into  which  they  are  introduced.  This  stiruulatiou  is  ['SS-i] 
es^>ecially  manifested  against  the  phagocytic  reaction. 
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As,  in  the  msyority  of  cases  of  acquired  immunity,  the  blood 
Berum  contains  fixatives  in  considerable  proportion,  and  as  these 
fixatives  aid  the  action  of  the  cytases  in  a  remarkable  fashion,  we 
can  readily  understand  that  the  introduction  of  such  a  blood  serum 
into  a  normal  animal,  unprepared  by  any  vaccination,  may  bring 
about  a  great  resistance  against  the  corresponding  pathogenic  micro- 
organisms. The  fixatives,  injected  with  the  serum,  fix  themselves 
with  avidity  upon  the  micro-organisms.  These  organisms  may 
become  a  more  ready  prey  to  the  phagoqrtes  and  be  d^troyed 
very  rapidly. .  In  particular  cases,  where  the  injection  of  microbial 
cultures  sets  up  a  phagolysis,  enough  cytases  are  thrown  out  to 
affect  the  microbes  already  sensibilised  by  the  fixative.  This  is 
followed  by  a  refractory  condition  of  the  animal  proportionate,  in 
general,  to  the  amount  of  fixative  serum  that  is  injected.  This 
kind  of  acquired  immunity,  conferred  by  serums  or  certain  other 
body  fluids  rich  in  fixative  substances,  has  often  received  the  name 
of  passive  immunity.  This  term  is  only  justified  in  those  rare  cases 
where  the  introduced  serum  itself  contains  a  sufficient  amount  of 
cytases  to  destroy  all  the  micro-organisms.  Most  often  it  is  the 
normal  animal  which  has  to  furnish  this  bacteriolytic  ferment 
Now,  as  in  phagolysis  the  quantity  given  ofi^  is  too  small,  it  is  to 
the  co-operation  of  the  holders  of  cytases,  that  is  to  say,  to  the 
phagocytes,  that  the  animal  must  have  recourse.  The  phagocytes, 
being  susceptible  cells,  their  co-operation  can  only  be  counted  upon 
in  cases  where  they  exhibit  a  sufficient  activity.  When  these 
elements  are  weakened  by  narcotics  or  by  any  other  cause,  they 
become  incapable  of  intervening  with  efficacy  and  the  animal  falls 
a  victim  to  the  pathogenic  micro-organisms,  in  spite  of  the  more  than 
sufficient  amount  of  fixatives  that  was  introduced. 

In  natural  or  acquired  immunity,  it  is  the  resistance  of  the  animal 
against  the  micro-organisms  which  plays  the  principal  part.  The 
introduction  of  toxins  ready  prepared  is  only  done  under  artificial 
conditions,  as  in  laboratory  experiments.  Hence  we  see  that,  under 
natural  conditions,  it  is  against  the  penetration  of  the  micro- 
organisms that  the  animal  must  be  protected.  So  soon  as  these 
producers  of  poisons  can  no  longer  maintain  themselv^  in  the 
immunised  animal  their  toxic  secretions  do  not  come  into  play. 
It  is  for  this  reason  that  animals  vaccinated  against  pathogenic 
micro-organisms  do  not  suffer  from  intoxication,  although  they  are 
[685]  by  no  means  insusceptible  to  the  microbial  poisons.     It  is  a  fiu^ 


of  tlie  highest  importance  from  the  point  of  view  of  immunity  in 
general,  that  the  resistance  otïered  to  micro-orgjuiisms  in  no  way 
implies  insusceptibility  to  their  poisons,  Tlie  view  has  frequently 
been  expressed  that,  in  acquirefl  immunity  at  least,  the  animal  nmst 
first  acquire  immunity  against  the  microbial  toxins,  after  which  the 
micro-organisms,  <leprivecl  of  tlieir  principal  wejipon,  descend  to 
the  rank  of  inofletisive  saprophytes.  Such  cases  may  be  foimd, 
but  it  is  none  the  less  true  tluit  immunity  against  micro-orgauisms 
may  be  acquired  independently  of  that  against  the  toxins,  and  that 
this  constitiites  the  general  rule. 

Iraniunity  is  much  more  readily  acquired  against  micit>-organi8m8 
than  against  their  toxins.  Hence,  antimicrobial  vaccination  was 
accomplished  by  science  before  that  against  ttieir  toxins.  In  tlie 
early  researches  on  this  subject  antitoxic  immunity  appeared  to 
be  very  difficult  of  attiunmcut,  and  it  was  only  after  the  discovery 
made  by  von  Bdiring,  who  inaugurated  a  new  path  in  microbiology, 
that  better  results  were  obtiiined.  Von  Behring  not  only  suc- 
ceede<l  in  iramuuising  animals  against  some  of  the  principal  microbial 
toxins,  he  demonstrated  the  existence  of  specific  antitoxins  in  their 
body  fluids. 

This  very  unexpected  conception  of  antitoxins  at  once  took  root 
in  science,  for  it  has  been  possible,  thanks  especially  to  tlie  remark- 
able works  of  Eiirlich,  to  extend  it  to  toxins  of  non-microbial  origin. 
We  are  ali*eady  acquainted  with  a  certain  number  of  antitoxins 
which,  however,  are  not  comparable  in  juunlxîr  to  the  other 
antilxidies.  Amongst  these,  the  fixatives  have  many  points  of 
analogy  with  the  antitoxins.  Like  them,  they  are  resistant  to  heat  : 
tliey  exhibit  also  a  fairly  marked  specificity,  and,  like  the  fixatives, 
they  are  distributcil  in  the  plasmas. 

In  the  presence  of  so  many  iwiuts  of  similarity  with  the  fixatives, 
one  is  tenipteil  to  attribute  tu  the  two  categories  of  antibodies  the 
same  origin.  The  elaboration  of  antitoxins  by  the  phagocytic 
elements,  accumulated  in  the  blood  and  disseminated  in  the  organs, 
appetirs,  in  fact,  to  be  very  probable.  Uertîiin  facts  bearing  on 
the  absorption  of  various  toxins  by  the  leucocytes,  as  well  as  the 
distribution  of  antitoxins  in  the  animal  body,  sjwak  in  favour  of 
this  view.  On  the  other  hau<l,  the  impossibility  of  attributing  the 
elaboration  of  antitoxins  to  cells  attacked  by  the  corresponding 
toxins  is  quite  in  harmony  with  the  same  hypothesis.  This  hypo- 
thesis is  especially  supported  by  the  numerous  facts  which  prove  the  [586] 
a  36 
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readiness   with  which  the  leucocytes   react    against  all 
poisons,  microbial  or  other  toxins,  as  well  as  against  or^HCi 
mineral  poisons,  such  as  the  alkaloids  and  the  arsenical 
tions.     However,  in  spite  of  so  many  data  which  speak  in  1 
of  the  phagocytic  origin  of  antitoxins,  it  has  been  imposAkl 
support  this  view  by  rigorous  &cts  easy  of  interprétatif, 
those  which  science  possesses  in  support  of  the  phagocytic  ori^i 
fixatives. 

The  antitoxins  have  acquired  a  very  great  importance  &i  tti| 
artificial  cure  of  toxo-infective  diseases,  the  aim  in  these  casea  1 
to  paralyse  the  action  of  the  toxins  already  produced  by  the  ■ 
organisms  and  absorbed  by  the  diseased  animaL  But  their  faiKâi| 
is  less  in  the  protection  against  diseases  where  the  olgect  to  b  ' 
obtained  is  a  reaction  against  the  micro-organisms  before  ttw 
are  able  to  inundate  the  animal  with  their  toxic  secretiona  ftii 
for  this  reason  that  the  immunity  against  toxins  must^  in  the  stod^tf 
immunity,  occupy  a  less  preponderant  place  than  does  the  imma^ 
against  micro-organisms. 

As  the  micro-organisms  placed  in  the  refifactoiy  animal  ultimateljr 
undergo  a  digestion  by  chemical  substances  elaborated  by  the  jAag»- 
cytes,  so  also  the  toxins  undergo  a  chemical  modification  due  to  the 
presence  of  substances  in  the  production  of  which  the  living  elementi 
of  the  animal  play  a  large  part  The  direct  action  of  antitoxins  («  the 
toxins,  so  well  demonstrated,  especially  by  Ehrlich's  inveetigatioo^ 
does  not,  however,  exclude  the  intervention  of  living  cells,  whidi, 
though  sometimes  not  very  manifest,  is  in  other  cases  very  marked. 

The  reaction  of  the  living  elements  ngsiinst  the  microbial  toziu 
and  their  allies  leads  to  the  production,  and  even  the  over-prodndioD 
of  antitoxins.  According  to  £hrlich,  these  elements  are  the  recepton, 
or  side-chains,  Miiich,  to  a  certain  extent,  pre-exist  in  the  odb 
which  are  capable  of  chiborating  the  antitoxins.  On  entering  into 
combination  with  tlie  toxin  molecules,  the  side-chains,  which  are 
indispensable  for  the  nutrition  of  the  cells,  are  reproduced  in  very 
large  numbers.  After  having  saturated,  so  to  speak,  the  productire 
elements  of  the  antitoxin,  tlie  supei-lluuus  side-cliains  escape  from 
the  cell  and  pass  into  the  plasmas  of  the  body  fluids.  This  theory 
may  be  brought  into  harmony  with  the  other  tlieory,  which  maintins 
that  certain  elements  of  the  animal,  capable  of  acting  on  the  complex 
molecules  of  microbial  toxins  and  tlieir  allies,  produce  special  soluble 
[587]  ferments,   whicii   digest  the   toxins  whose  introduction  frequently 


excites  the  hypersecretion  of  the  ferments.  Here  we  have  some- 
tiling  aimilar  to  the  hypersecretion,  by  the  glands  of  the  stomach,  of 
pepsin,  a  [uut  of  which  passes  into  the  blood  in  order  to  escape  with 
the  urine. 

According  to  Ehrlich's  theory,  the  antitoxins  are  only  capable  of 
neutralising  the  injurious  action  of  toxins  when  the  furnier  are  found 
dissolved  in  t!ie  body  fluids.  The  saiiie  receptors  which  fix  the 
toxins  in  the  plasmas  and  thus  prevent  tliem  from  reaching  the 
susceptible  elements,  biing  about  an  opposite  result  when  they  are 
found  inside  the  cells.  In  this  latter  case,  the  receptors,  owing  to 
their  great  affinity  for  the  toxins,  attract  them  and  allow  them  to  p.iss 
iuto  the  cells,  iu  this  way  aiding  the  dangerous  function  of  the  toxo- 
phore  group. 

This  is  an  ingenious  idea,  conceived  to  bring  into  harmony 
a  certain  number  of  observed  facts.  In  the  present  state  of  our 
knowledge  it  cannot  be  subjected  to  rigoroujs  experimental  test. 
Many  well-established  facts,  however,  are  not  in  complete  accord 
with  this  hypothesis.  According  to  it  the  antitoxic  immunity 
resides  exclusively  iu  the  body  fluids  ;  the  living  cells,  instead'  of 
acquiring  immunity,  become  more  and  more  susceptible.  Under 
these  conditions  it  is  difficult  to  conceive  of  an  immunity  against 
poisons  of  the  simplest  organisms  ;  nevertheless,  this  certainly  exists. 
A  Plasmodium,  which  becomes  adapted  to  all  kiiuls  of  toxic  sub- 
stances, acquires  an  inmmnity  against  them,  and  this  is  due  to 
changes  taking  place  iu  the  living  elements  ;  it  is  not  the  result  of 
modifle^itions  in  the  toxic  flui<ls  which  bathe  them.  This  biological 
ada|)t<itiun  is  observed  iu  the  case  of  physical  factors  which  may 
interfere  with  the  life  of  these  primitive  organisms. 

On  the  other  hand,  it  must  be  accepte<l  that  the  living  cells  of  a 
compUcated  and  higher  organism  may  also  acquire  immunity  agjiinst 
toxins.  The  first  example  of  this  kind  was  shown  in  relation  to  the  red 
blood  corpuscles  of  mammals  vaccinated  against  the  toxic  serum  of 
the  eel.  Whilst  the  body  fluids  of  inmiunised  rabbits  become  anti- 
toxic, their  red  blood  corpuscles,  when  completely  freed  from  the 
serum,  in  certain  cases  resist  the  action  of  the  eel's  serum.  It 
must  be  lulmitted  that  iu  this  example  wc  have  an  acquired  imnmnity 
of  the  cells  similar  to  that  met  with  in  lower  organisms. 

A  second  exanqile  of  the  immunity  of  the  red  corpuscles  was 
cil»served  by  Ehrlicli  and  Morgeuroth  iu  goats  prepared  by  injections  [588] 
of  the  blood  of  other  individuals  of  the  same  species.    In  this  case, 
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according  to  these  writers,  no  co-operntion  by  antitoxin  is 
Tiie  body  fluids  of  the  goat^  do  not  Ijecome  capable  of  neutralising  the 
toxin  of  the  haemolytic  serum,  whilst  the  red  corpuscles  themselveB 
acquire  an  iinniuiiity  against  this  toxin,  an  immunity  entirely  cellular. 
Ehrlich  attempted  to  penetrate  into  the  essential  mechanism  of 
resistance  of  the  red  blood  corpuscles  on  the  supposition  that  th 
corpuscles,  instead  of  reproducing  their  receptors,  as  when  there  is 
production  of  antitoxin,  get  riil  of  them  entirely.  Deprived  of 
recept<jrs,  they  can  no  longer  be  affected  by  the  haemolytic  cytaae 
which,  as  Ehrlich  maintains,  only  penetrates  into  the  red  corpuscl 
owing  to  the  affinity  of  the  intermediate  substance  (fixative)  for  t! 
receptor.  This  hypotliesis  of  the  mechanism  of  acquired  cellular 
immiinity  scarcely  accords  with  the  hypothesis  of  the  special  functioi 
attributed  to  the  receptors  in  tlie  nutrition  of  the  living  elements. 

Cellular  immunity  can  be  most  easily  demonstrated  in  relation 
the  red  corpuscles  of  the  blood,  as  these  elements  are  very  numerons 
and  are  capable  of  being  isolated  and  free<l  from  the  fluid,  in  which 
tliey  are  bathed.    For  this  reason,  science  does  not  as  yet  posse*» 
sufficiently  exact  data  on  the  immunity  of  other  cells  in   high' 
animals.     .Many  facts,  however,  indicate   that  such   immunity  d^ 
exist.  There  are,  indeed,  living  elements  which  only  acquire  imumnit; 
with  great  difficulty  and  very  slowly.    Such  are  the  nerve  cell 
elements  which  are  specially  susceptible.    Von  Behring  has  strongl; 
insi.stetl  on  the  fiict  that  in  animals  subjected  to  repeated  injections 
bîicterial  toxins,  the  nerve  centres  not  only  do  not  become  accustomed 
to  their  injurious  action,  but  even  acquire  a  liypergu$ceptibilit3-  whic 
is  often  very  great  Tlie  observation  is  perfectly  accurate,  but  it  is  non 
the  less  true  that  this  jieriod  of  exaggerated  susceptibility  is  followed 
by  another,  during  which  the  susceptibility  becomes  less  marked  am 
ends  by  giving  place  to  a  true  adaptation.     We  are,  therefore, 
pelled  to  accejit  the  fact  that  even  the  nerve  cells  are  no  exception 
the  general  rule,  but  are  able  to  acquire  a  diminished  ausccptibilit}'  to' 
a  poison. 

Several  facts  of  another  scries  confirm  this  conclusion.    In  the 
study  of  the  action  of  the  nervous  system  one  frequently  has  occasioi 
to  observe  instiinces   of  adapUition.     1    will   cite    as   an   exampl 
I  the  adaptation  of  animals  to  spinïU  concussion  studied  by  Lépine 
By  percussing  the  lumbar  region  of  rabbits  and  guinea-pigs  we  may 
induce  in  them  an  immediate  i»araplcgia.     This  is  transitory,  and, 
•  Cotnjjt.  rend.  Soc  de  bid.,  I'ariu,  laoo,  p.  385. 
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ïts  at  most  for  a  few  hours.  The  phenomenon  may  be  reproduced 
several  thaes  in  the  same  animal.  "But,"  remarks  Lépine,  "when  these 
e.\i)eritnentâ  arc  contiiuied  for  several  days  or  several  weeks,  striking 
always  at  the  same  level,  we  soon  observe  that  the  resistance  of  the 
animals  to  the  blows  increases  very  rapidly,  and  that  excitations 
which,  in  normal  unimals,  produce  paraplegias  of  several  hours' 
duration,  produce  no  effect  upon  those  which  have  been  under 
exi>erinient  for  several  days.  '  We  have  in  this  examj^le  a  real 
iMlaptation  of  the  spinal  region  when  subjecteil  to  concussion. 

Similar  facts  are  known  to  everyone  as  an  ex|)erienee  of  daily  life. 
We  can  become  habituateil  more  or  less  easily  to  all  kinds  of  violent 
sensations,  [Jjjlit  aud  very  intense  noises  whicti,  at  first,  excite 
exaggerated  reflex  actions  are  ultimately  perceived  without  setting  up 
the  least  movement.  Even  in  the  psychical  spliere  habit  dulls  iminful 
feelings,  and  it  is  very  probable  that  a  whule  gamut  of  adaptation, 
stalling  fi'om  unicellular  organisms  which  accustom  themselves  to 
live  in  an  unsuitable  medium,  up  to  cultured  huuuiu  beings  who 
habituate  themselves  to  a  disbelief  in  human  justice,  will  be  found 
to  rest  \ii>on  one  and  the  same  fundamental  i)roperty  of  living  nmtter. 
Regîirded  from  this  point  of  view,  iumuniity  becomes  a  very 
general  phenontetion,  passing  far  beyond  the  resistjince  offered  by  the 
animal  to  infective  diseases.  After  all  is  said  an<l  done,  it  invariably 
reduces  itself  to  that  cellular  susceptibility  [irriUibilityJ  which  governs 
so  many  of  the  vital  phenomena  in  plants  and  in  aitinials.  It  is  this 
susceptibility  which  impels  the  branch  towartls  the  light  aud  the  root 
towanls  the  ground,  and  which  guides  the  spermatozoon  towards  the 
ovum.  From  the  very  commencement  of  embryonic  life  the  cells 
derived  fr(un  the  segmentation  of  the  egg  exhibit  a  marked  suscepti- 
bility. Wilhelm  Roux^  observed  that  the  earliest  cells  of  the  frog 
enjbryo,  if  they  are  separateil  by  artificial  intervention,  guided  by 
their  positive  chemiotaxis  again  come  together.  In  the  formation  of 
the  tissues  cellular  susceptibility  plays  au  importiint  undoubted  rôle. 
The  prolongations  of  the  nerve  cells  direct  themselves  towards  the 
organs  of  sense  or  towards  the  muscular  filires,  according  to  their  [500] 
specific  susceptibility'.  The  mother-cells  uf  the  capillary  vessels  are 
abo  guided  by  susceptibility,  wlieu  they  go  towards  a  new-formeil 

>  "Ueber  die  Selbstonlnung  dcr   Furchungszellen,"  iu  BerichU  d.  ualurtciu. 
Vtreing  :u  Jniubruck,  1893,  BA  xxi. 

>  Herbst,  Biol.  Centralbl.,  Erlangeu,  1894, 189S,  Bde.  XIV,  XV;  ForesQiann,  Ziogler's 
Beitr.  i.palli.  Anat.,  Jeua,  1S98,  Bd.  xxiv,  S.  56. 
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tissue,  or  -when  they  approacb  one  another  and  come  together  in  order 
to  foiin  a  vascular  loop. 

The  phenomena  of  the  oi^nism  which  bear  the  sharpest  impreâfl 
of  their  physical  and  chemical  nature,  also  come  under  the  influenc 
of  cellular  "sensations,"  Thus,  in  gastro-intcstinal  digestion,  th« 
secretion  of  tlie  active  juice  is  subordinated  tothecontrol  of  the  nerv 
centres  and  even  of  the  psychic  centres.  The  sight  of  various  kind 
of  food  stimulates,  unconsciously,  by  reflex  action  the  activity  of 
different  digestive  glands.  In  the  same  way  the  contraction  of  the 
contents  of  the  cells  of  a  plant  subjected  to  plasniolyais,  brings  about 
the  secretion  of  acid  in  onlcr  to  augment  the  osmotic  pressure. 

Susceptibility,  whose  part  is  so   great    in    the    phenomena  o| 
immunity,  taken  as  a  whole,  is  a  general  property  of  living  bein{ 
regulated  by  a  common  law.    Thus,  in  tlie  chcmiotiixis  of  the  lowest^ 
unicellular  organisms,  as  iu  the  movements  and  the  osmotic  reaction 
of  plants,  there  is  manifested  the  same  psycho-physical  law  of  Weber- 
Fechner  which  regulates  our  own  sensations. 

All  cells  are  able,  by  modifying  their  function  under  the  direction 
of  susceptibility,  to  adapt  themselves  to  changes  iu  the  surrounding 
conditions.  All  living  elements  are  able,  therefore,  to  acquire  a 
certain  degree  of  immunity.  But,  amongst  all  the  cells  of  the  animal 
body,  the  elements  which  have  retixined  most  independence — the 
l>hagocyte9 — most  easily  and  first  acquire  immunity  to  infective 
diseases.  These  are  the  cells  which  betake  themselves  to  situations 
where  micro-organisms  and  their  poisons  make  their  appearance,  and 
which  manifest  a  reaction  against  them.  The  phagocytes  of  the 
immune  oi-ganism  ingest  and  destroy  micro-organisms  and  absorb 
toxins  and  other  poisons.  The  final  act  of  the  reaction  of  the 
phagocytes  is  constituted  by  the  chemical  or  chcmico-physical  pro- 
cesses concerned  in  the  digestion  of  the  micro-organisms,  with  tli 
help  of  cytases,  assisted  by  the  fixatives  ;  in  the  defence  offere 
against  i)oisons  the  phagocytes  must  also  exert  a  chemical  actioi 
[591]  Before  these  phenomena  come  into  play,  however,  the  phagocyte 
manifest  phenomena  which  are  purely  biological,  such  as  the  per- 
ception of  chemiotactic  and  other  sensations,  the  migration  towai"d9 
menaced  situations,  the  ingestion  of  micro-organisms  and  the  absorp- 
tion of  toxins,  and  finally  the  secretion  of  substances  to  be  utilised  iu 
intnicellular  digestion. 

The  immunity  iu  infective  diseases  presents  itself,  therefore,  as  a 
section  of  cellular  physiology,  and  especially  as  a  phcuomenou  con- 
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cerned  in  the  absorption  of  micro-organisms.  This  absorjition  being 
carried  out  by  an  act  of  intracellular  digestion,  the  study  of  immunity 
comes  into  the  chapter  on  digestion  regarded  from  the  general  point 
of  view. 

As  in  the  struggle  of  the  body  of  the  animal  against  infective 
agents  the  phagocytes  play  the  principal  part,  it  happens  that  in 
certain  diseases  the  micro-organisms  in  order  to  manifest  tlieir 
morbific  effect  must  be  protected  from  the  attacks  of  these 
defensive  cells.  It  is  for  this  reason  that  the  cholera  vibrio, 
which  is  not  very  injurious  wlicn  introduced  below  the  skin  of  the 
human  subject,  becomes  very  formidable  when  it  succeeds  in  gaining 
access  to  the  digestive  canal.  Incapable  of  maintaining  a  struggle 
against  the  phagocytes,  the  vibrio  is  able  to  overcome  in  the  stomach 
and  in  the  intestines  without  difliculty  the  obsUicle*  wliich  it  here 
meets  with.  It  is  for  this  reason  that  the  channel  of  entrance  of  the 
micro-organisms  at  times  plays  sucli  a  prondneut  rôle  in  immunity 
against  infective  diseases. 

The  question  is  often  asked  whether  a  theoretical  study  of 
immunity  is  capable  of  rendering  service  in  the  search  for  means 
of  conferring  immunity  on  the  animal.  It  must  not  be  forgotten  that 
theory  and  practice  frequently  march  side  by  side,  but  that  sometimes 
they  advance  without  very  much  regard  for  each  other.  Thus  the 
first  preventive  inoculiitions  against  snake-bite,  smallpox,  and  pleuro- 
pneumonia, attempted  by  laymen  were  evidently  ma<le  independently 
of  any  theoreticiil  ideas  of  any  kind,  but  were  guided  by  the  purest 
empiricism.  On  the  other  hand,  the  theoretical  resejirciies  on  the 
nature  and  origin  of  ferments  led  to  the  discovery  of  vaccinations 
by  means  of  micro-organisms  and  niicrobic  products  which  have 
reuderetl  inmiense  services  to  practical  medicine. 

The  discovery  of  antitoxins,  so  rich  in  practical  applications,  was 
influenced  by  theoretical  rescarclies  on  the  mechanism  of  immunity. 
Von  Behring  began  liis  itiiporUmt  series  of  investigations  on  this 
subject  with  the  study  of  the  immunity  of  rats  against  the  anthrax 
bacillus.  It  did  not  suggest  itself  to  anyone  to  suppose  that  this  [592] 
question  could  have  the  slightest  immediate  practical  interest  ;  never- 
theless, starting  from  this  investigation,  von  fiehring,  after  giving  up 
tlie  theory  of  the  bactericidal  pro[)erty  of  the  botly  fluids  as  a  cause  of 
imnmuity,  advanced,  stej)  by  step,  to  the  discovery  of  the  antitoxic 
power  of  the  serums.    When  a  study  of  the  properties  of  the  blood  of 
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aiiirnuls  treated  with  tlie  re<l  eurpuseles  of  another  species  was  com- 
menced, no  cue  Moultl  have  suspected  tluit  these  researches  wouhi  end 
in  tlie  discoverj'  of  new  methods  for  the  recognition  of  human  blooil  in 
medico-legiv!  rest'iirclieri,  or  in  the  uiterestsof  iiygiene  for  the  detcruii- 
natiou  of  the  source  of  a  uiilk.  The  cellular  tlieory  of  imniuiiitj  b,  as 
yet,  of  too  recent  date  for  us  to  claim  the  right  to  ex|»ect  it  to  haro 
amongst  its  assets  methods  for  purely  practical  application.  Never- 
tlicless,  it  has  already  been  found  to  be  of  service  in  tiie  investigation 
of  problems  very  cIor*ely  affecting  medical  practice.  Lord  Lister,  the 
greatest  surgeon  of  the  nineteenth  centui'y\  asked  himself  how  it  wa«i 
that  wounds  could  heal  "by  first  iuteutiou  under  circumstances  before 
incomi»rehensible.  Complete  primary  union  was  sometimes  seen  to 
take  place  in  wounds  treated  with  water-dressing,  tliat  is  to  say,  a 
piece  of  wet  lint  covercil  with  a  layer  of  oiled  silk  to  keep  it  nioisL 
This,  though  cleanly  when  applied,  was  invariably  putrid  within 
twenty-four  hours.  The  layer  of  blood  between  the  cut  surfaces  was 
thus  exposed  at  the  outlet  of  the  wound  to  a  most  potent  septic  focu''. 
How  was  it  prevented  from  putrefying  as  it  wouUl  have  done  under 
such  iutiueuce  if,  instead  of  being  between  divided  living  tissues,  it 
had  l>eeu  between  plates  of  ghiss  or  other  indifferent  material  Î  " 
"  How  were  the  bacteria  of  putrefaetitjii  kejit  from  propagating  in  the 
«leconiiposable  film?  Metchnikuff's  piiagocytosis  supplied  the  answer. 
The  blood  between  the  lips  of  the  wound  became  rapidly  peopled 
witli  pliag<hcytes  whicli  kept  guard  against  the  putrefactive  raiendies 
and  seized  them  as  they  endeavoured  to  enter.  If  jjliagocytosis  wu* 
ever  able  to  cope  with  septic  microbes  in  so  concentrated  and  intense 
a  form,  it  could  hardly  fail  to  deal  etfeetuaOy  with  them  in  the  very 
[593]  mitigated  condition  iu  wliich  they  are  present  in  the  air.  We  are  thuM 
strongly  confirmed  in  our  conclusion  that  tlie  atmospheric  dust  naajr 
safely  be  disregarded  in  our  o]>eratiou8;  and  MetchuikotTs  researches, 
while  they  have  illumined  the  whole  pathology  of  infective  diseases, 
liavc  beautifully  completed  tlie  theory  of  antiseptic  treatment  in 
surgery."     {Rip.  Brit.  Ana.,  p.  27.) 

We  may  even  attempt  to  increase  phagocytosis  in  surgical  opera- 
tions, especially  in  those  on  the  peritoneal  cavity,  by  there  setting  up 
an  artificial  aseptic  infiunimation,  by  means  of  various  substauccs, 

•  "The  Relutiims  of  Clinical  Medifitie  to  Modem  Scientific  Development,"  % 
discourse  delivered  nt  Liverpool  in  Sei)te7nber,  1896.  Rev.  leient.,  Puris,  18J6. 
4«  sér.  t  VI,  p.  4»!  -,  {Rfp.  Brit.  Am.  Ade.  Sci.,  Londou,  1896,  p.  3;  Brit.  Med. 
Journ.,  Loudon,  1896,  VoL  ii,  p.  733]. 
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innocuous  in  themselves,  wliicli  attract  a  large  ininiber  of  leucocytes. 
In  laboratory  i>ractice  this  method  is  in  <laily  use  for  the  imii»ose  of 
incre;uiiug  the  resistance  of  aii  animal  against  intraperitoneal  injections 
of  various  niicro-orjjcjiaisms,  and  Durham  Itari  suggested  tlie  extension 
of  the  same  method  to  human  medicine.  Certain  surgeons  liave 
already  made  attempts  in  this  direction. 

The  ajiplication  of  the  cellular  tlieory  of  imnnudty  to  researches 
ou  new  micro-organisms  of  infective  diseases  has  already  been  crowned 
with  success.  Nocard  and  Roux  have  attempted  to  cultivate  in  the 
animal  bt>dy  the  virus  of  the  pleuropneumonia  of  cattle.  They  selected 
the  rabbit,  an  animal  naturally  refractory  against  this  infection.  On 
the  supposition  that,  in  this  imnuitiity.  the  phagoc3'te8  must  play  an 
inii)ortant  part  as  <le8troyers  of  the  presumed  micro-organisms,  the 
idea  suggested  itself  to  them  to  withhold  the  virus  from  their  vomcity. 
With  this  object  tiiey  filled  sacs  of  collodion  or  of  reed  pith  with 
pleuropneumonia  virus,  and  introduced  these  sacs  into  the  peritoneal 
atvity  of  rabbits.  .Some  time  after  this  operation  these  investigators 
were  able  to  demonstrate  in  the  contents  of  the  sacs  imjiregnated  by 
the  blood  fluid  of  rabbits,  immune  animals,  the  development  of 
specific  miero-oi-gîmisHis,  the  smallest  discovered  up  to  the  present 
By  means  of  cultivations  of  this  micro-organism,  obtained  in  suitable 
media,  they  worked  out  a  method  of  vaccinating  animals  which,  as 
mentioned  in  Chapter  xv.,  has  already  begun  to  give  good  results  in 
veterinary  jjractice.  This  nietluxl  has  thus  contributed  to  the  pre- 
vention of  diseases,  a  branch  of  knowleilge  which  luis  made  such  great 
advances  since  medicine  became  an  exact  science  under  the  inspiration 
of  the  discoveries  and  ideas  of  Pasteur, 

Within  a  very  short  period  imnninity  has  been  placed  in  possession 
not  only  of  a  host  of  medical  ideas  of  the  highest  imiiortance,  but  also 
of  effective  means  of  combating  a  whole  series  of  maladies  of  the  most 
fonnidable  nature  in  man  and  the  domestic  animals.  Science  is  far  [5<)4] 
from  having  said  its  last  word,  but  the  advances  already  made  are 
amply  sufficient  to  dispel  pessimism  in  so  far  iis  this  has  been  sug- 
gested by  the  fear  of  iliseaaes,  and  the  feeling  that  we  are  powerless 
to  struggle  against  theuL 


LIST  OP  AUTHORITIES  QUOTED. 


Abel,  443.  444,  445,  £86 

Abel.    See  LoefiBer 

Adhaline.  96 

Achatd  and  Benmnde,  264,  461 

Adil  B^.    See  Nioolle 

Almqniflt,  178 

Ailoiog,  264,  462 

Ailoing,  Cornevin  and  Thomas,  471 

Arnold,  411 

Arthns,  96 

Babes,  76,  348 

Bach,  408,  410 

BaU,  161, 186,  369 

Balbiani,  13,  28, 133 

Bardach,  160 

Barthela,  607 

Bary  (de),  31,  82 

Batzarofi,  411 

Baomgaiten,  138,  193,  621,  622,  624 

Baveux.    See  Roger 

Betkring,  20,  162,  168,  206.  242,  290,  834, 

886,  848,  860,  852,  367,   369,  374,  376, 

378,  417,  626,  640,  661,  664,  667 
Behring  and  Kitasato,  266,  344,  847,  364, 

367,  493,  496 
Behring  and  EitashJma,  42,290,868,870,878 
Behring  and  Enorr,  366 
Behring  and  Nissen,  211,  226,  526,  681 
Bensande,  489 
Beniande.    See  Achard 
Bernard,  69 
Bernheiia,  408 
Bertrand.    See  Phisalix 
Besredka,  111,  191,  231,  263.  278.  818,868, 

890,  396 
Besson,  170 

Benmer  and  Peiper,  230 
Biedl  and  Kraos,  44 
Biroh-Hirschfeld,  614 
Bitter,  626 

Bizzosero,  48,  177,  418,  423 
Bjeloonssofl,  65 


BlagoTestohensky.  823 

Bolton,  205 

Bordet,  22.  68,  79,  87,  90,  94,  96,  106, 107, 
111,  112,  115,  123,  166,  179,  186,  193, 
194,  196, 199,  215,  217,  223, 244, 261, 256, 
257,  258,  282,  298,  802.  81&  820,  821, 
686,  637 

Bordet.    See  Oengoa 

Bordet  and  Danysz,  ,467 

Borrel.  478 

Borrel.     See  Bonz,  Yersin 

Bouchard,  184,  283,  286,  823,  348. 427,  629 

Bouchard  and  Ohaxrin,  42,  628 

Bourne,  327 

Braun,  12 

Brieger,  369 

Brieger  and  FrSnkel,  344 

Briot,  109 

Briioke,  66 

Brunner,  46 

Baohner,  87,  96,  184,  186,  188,  193.  255, 
357,  862,  877,  412,  612,  627.  628,  680, 
639,  540 

Cabanescu,  430 

Cabnette,  334,  389,  846,  846,  847,  848,868. 

365,386,389,396,425,489 
Calmette.    See  Terdn 
Calmette  and  Deléarde,  866 
Calmette  and  Salimbeni,  491 
Camus  and  Oley,  110,  121,  360 
Cantaonzène,  224,  226,  806 
Castle.    See  Davenport 
Cattani,  446 
Cayley,  484 
Celakovsky,  80 
Celli,  278 
Centanni,  446 
Ohamberland,  470 
Chamberland.     See  Pasteur,  Bouz 
Chantemesse,  259 

Cbantemesse  and  Widal,  230,  2C7,  319,  437 
Chapeaux,  56.  66 


572 


List  of  Authorities  quoted 


Charrin,  232,  286,  287,  427,  428,  641 

Charrin.     See  Bonchsrd 

Charrin  and  Oamaleia,  290,  343 

Charrin  and  Gley,  446 

Charrin  and  Lefèvre,  419 

Charrin  and  Magnin,  427 

Charrin  and  Boger,  232,  266 

Chatenay,  393 

Chanveau,  289,  446,  466,  611,  612 

Chépowaliiikoff,  59 

Cherry.    See  Martin 

Cienkowski,  446 

Cobbett,  205 

Cohn,  23 

Colombot.    See  Sabrazôs 

Cornevin,  452 

Cornevin.     See  Àrloing 

Couch,  63 

Conrmont,  400 

Courmont.    See  Nicolas 

Conrmont  and  Doyon,  330,  866,  894 

Curtis,  172 

Czaplewski,  146,  147 

Dallinger,  26 

Danysz,  21,  25 

Danysz.    See  Bordet 

Daremberg,  87 

Darwin,  8 

Davenport  and  Castle,  27 

Davenport  and  Keal,  24 

Deoroly  and  Bonsse,  396 

Deléarde.    See  Calmette 

Delezenne,  61,  96,  98,  107,  116 

Delezenne  and  Froin,  66 

Delina  and  Eolle,  277 

Dembinski,  147 

Denyg,  588 

Denys  and  Havet,  161,  185 

Denys  and  Eaisin,  151 

Denyg  and  Leclef,  243,  246,  283,  812 

Denys  and  Marciiand,  813i 

Denys  and  van  de  Velde,  359 

Deutsch,  107,  293,  294,  637 

Dienert,  26 

Diendonué,  139,  143,  147 

Dinkelspiel.    See  Nnttall 

Doederlein,  429 

Donitz,  391 

Dominici,  78 

Dominici.    See  Qilbert 

Doyon.    See  Conrmont 

Dreyer,  350 

Duclanx,  26 

Dujardin-Beaumetz,  478 

Dungem  (von),  91,  109,  123,  824 

Durham,  256,  261,  569 

Dzierzgowsky,  448,  449 

Effront,  26 

Ehrlich,  114, 115,  344,  346,  349,  856,  860, 
361,  365,  378,  391,  392, 420,  449,  562,  563 
Ehrlich  and  Hubener,  446,  452 


Ehrlich  and  Lazaros,  76 

Ehrlich  and  Morgenroth,  88,  89,  9S,  9$, 

104, 114,116, 124,  193, 194, 199,968,  537, 

638,  568 
Ehrlich,  Eossel  and  Wasaermann,  496 
Ehrlich  and  Wasaermann,  366 
Elmassian.    See  Morax 
Emden  (van),  264 
Emmerich,  287,  322,  627 
Emmerich  and  di  Mattei,  236,  527 
Emmerich  and  Low,  254 
Emmerich  and  Maatbanm,  475 
Ermengem,  420,  491 
Errera,  39 
Escherich.    See  Klemeasiewics 

Faber  (Knnd),  844 

Fabrenholtz,  188 

Fehleisen,  434 

Fermi  and  Femossi,  109 

Ferran,  480 

Fischer,  193,  213,  253 

Fisohl  and  Wunschheim,  445 

Fleck,  413 

Flugge,  48,  184,  626,  640 

Fodor,  184,  625 

Foerstar,  380 

Fontana,  333 

Forssmann,  566 

Frank,  85,  154,  542 

Frankel,  844,  347,  499,  534 

Frankel.    See  Brieger 

Frankel  and  Sobernheim,  268 

Frantzins,  425 

Fraser,  345,  425 

Frédéricq,  65,  57 

Freudenreioh,  823 

Freund,  Grosz  and  Jelinek,  865 

Froin.    See  Delezenne 

Funck,  267,  319,  320,  456 

Oaleotti.    See  Lastig 

Gamaleia,  419 

Gamaleia.    See  Charrin 

Gamier,  220,  804 

Gaule,  515 

Gautier,  400 

Gengou,  19,  20,  146,    151,  157,  185,  190, 

203,  242,  252,  265,  260,  264,  808,  548 
Gengou  and  Bordet,  190 
Geret.     See  Hahn 
Gheorghiewsky,  210,    234,   236,  261,  269, 

301,  307,  359 
Gibier,  137 
Giessler,  37 

Gilbert  and  Dominici,  424 
Gilkinet,  172 

Gley.    See  Camus,  Charrin 
Glogner,  434 
Goldscbmidt,  411 
Gottstein,  499 
Gramatschikoff,  412 
Grancher.    See  Pasteur 


List  of  A  ut  h 

oritics  quoted                     573    H 

Onwitz,  S13,  615 

Eleraperer,  271,  356,  411,  441,  449                  H 

OriSon.    Stt  Landonz; 

Kljpgtein,  170                                                    ^1 

OrosK.    S**  Freund 

Knorr,  361,  362,  370,  376,  378.  383.  302,      ■ 

Ornber,  934,  266,  263.  542 

443                                                                     H 

Oscheidlen.    5m  Traube 

Snorr.     See  Bohring                                           ^H 

Ouamieri,  466 

Eoch,  137.  247,  278,  279,  283,  419,  435,  434.      ■ 

Ouinon.    See  VoUtn 

436,  466,  514,  639                                          ^H 

aOnther,  641 

Kolk  and  Turner,  466.  467                                ^H 

Kolle.    See  Deliua,  ITuiffer                               ^H 

HMcke],  617 

Kondraticff.  365                                          ^^^^H 

HafTkiDe,  490.  486-488 

Kossel,  110,  131,  183                                ^^^H 

Hftfkine,  17 

Koftsel.     See  Ehrlich                                    ^^^H 

Hahn,  168.  190 

Eoaaiakoff,  26                                           ^^^H 

Hahn  and  GËret,  197 

EoTalevaky,  41,  133,  134,  209                  ^^^| 

HankiB,  166,  187 

Krafft-Ebing,  436                                       ^^^H 

Hardy.     See  Rantback 

Krajonobkinie,  466                                         ^^^^H 

Hamack,  337 

Kniui  and  Senit.  268                                 ^^^^H 

Hawr,  507 

Krani).     See  Biedl                                         ^^^^H 

Havet.    See  Deaya 

Kretz,  371                                                      ^^^H 

Harem,  47,  514 

Krikliwy.                                                         ^^^H 

Hegeler.  196 

Krompeuher.  83                                           ^^^^H 

^^fierbst,  505 

Kronig.    Sec  Sft-nge                                   ^^^^^| 

^l^éricourt.    See  Bichet 

Krukenbeic.  3U.  49,  6R                             ^^^H 

WsBazea,  62 

Kobler,                                                         ^^^H 

He»»,  144,  149,  624 

Eupffer,                                                        ^^^^1 

Hewlett.     See  TbomBon 

Eaprianow,  204,  340                                    ^^^H 

Heyujang.    See  Lang 

Knrt,  499                                                  ^^^H 

Hey  m  an»  aud  Masoin,  30<J 

^^^^^H 

Hildebrandt,  109,  119,  412 

413                                                      ^^^H 

Himmel,  1»2 

Laudonzy  and  Qriffon,  451                      ^^^^| 

Hip]x>crate8.  342 

Landsteiner,  100                                         ^^^^H 

Hirsch  aud  Mehring,  64 

Lang,  Heymans  and  Masoin,  8C3                   ^^| 

Hoffmann  and  KeekUngUausen,  40 

Langbans,  73,  84                                                ^H 

Honrath,  337 

Lasebtechenko,  188                                                 ' 

Hubener.    See  Ehrlich 

Laurent,  33,  36,  86 

Hadalo.  436 

Laveran  and  MiKuil.  173,  248,  316 

Hneppe,  254 

LwBuna,  272.  441 

1       HnKenwsbmidt,  416 

lAsanu.     See  Ubrlioh 

■ 

Leber.  79.  96 

■isnaeff,  219,  362,  287,  318,  830,  441 

T<«-]aincbe,  476,  476 

■iwaefl.    See  Pfeiffer 

Leolainobe.    Ste  Nooard 

mr 

LecLiinche  and  VaUée,  107,  171,  472.  52S 

P^J«kow«ki.  42 

Leclef.     Ste  Denys 

Jeuu(*liue,  411 

Le  Dantec,  13 

Jelinek.     See  Freimd 

LcfèTre.    .Si-*?  Chnrrin 

Jenner.  507 

Tifliahnian.     Ste  Wright 

J«tt«r,  193 

Leo  and  Senator,  66 

Jona,  172 

Lépine,  664 

Joubvrt.    See  Paat«ar 

Lennoyea.    See  Worts 

Leeage,  47 

Kaisin.     See  Den3r» 

Le  Board.    8té  Widal 

Kantback,  360,  642 

Lenbe,  67 

Kantbaok  and  Hardy,  18.Î 

Levaditi,  223 

,        Karlinaky.  134,  260 

Levin,  169 

^H  Keinpner  ami  .Scbcpilewsky,  S87 

Lewes,  68 

^H<X«ropner.     See  Hnbinowitach 

Lewin,  887,  338 

^■Silbome.     See  Smith 

Lignièree,  247.  27» 

HXitasato.     See  Behring 

Lindemann,  68 

^V  Kitaabima.     See  Behring 

Lingelsheim.  198,  244,  818 

'        Klebi.  514 

Listt-r.  531,  .VHO,  .'JGH 

Kl«cki  (von),  44 

Loeffler,  7,  '.'83,  513 

^K  Klein,  324 

LoeOier  and  Abel,  367 

^■Klemcnsiewioz  and  Eachcrioh,  443 

LOhr,  600 

J 

^^H          574                      lAst  of  AiUhorities  quoted               ^^^^H 

^^^^H              Lombard,  d96 

Nencki  and  Sieber,  109,  856 

^^^^1              London, 

Nencki,  Sieber  and  Wyznikiewicz.  468 

^^^^H              Loreus,  476 

N'etter,  503                                                        ^^ 

^^^^1              Low.     See  Emmerich 

Nicol&B  and  Ooormont,  353                        ^H 

^^^H              Lnbarsch,  141,  151.  184,  529 

Nicolas,  Courmont  and  Prat.  363       ^^^H 

^^^H             Luatig  and  GaleoUi,  480 

NiooUe  and  Adil  Bey,  279,  468  ^^H 
Mknnoroa,  348                                        ^^^H 

^^^f              Madaen,  349,  S£0 

Kissen.     See  Behring                           ^^^^H 

^^^^^               Madaen.    See  Salomonsen 

Nittis  (de).  277,  288                             ^^H 

^^^^L               Magnin.     See  Charrin 

Nocard,  148,  279.  494                          ^^^" 

^^^^H               Maksutow.     See  Favrluwsky 

Nooard  and  Leclainche,  4fil 

^^^H               Malm,  149 

Nocard  and  Boiu,  130,  40G,  478,  479,  566 

^^H              Mastredi.  4^ 

Nolf,  94,  96  ^ 
Nowakowski,  19  ■ 
Nnttall,    107,    138,    160,    184.    192,   625,  ^ 

^^^^H              MankowHld.     See  Podw^sBozki 

^^^H              Marchand,  167 

^^^^B               Marchand.     See  D«n;s 

627 

^^^H              MarcboDX,  240.  276.  309,  311 

Nuttall  and  Dinkelspiel.  107                         ^ 

^^^H               Marie,  331,  3S2,  46Ô 

fl 

^^^^H               Maxinesco,  7S 

Oken,  837                                             __^M 

^^^H                Marmorek,  243,  312 

Opitz,  43,  44                                         ^^^H 

^^^H               Martel,  lâO,  159 

Oppel,  231                                             ^^H 

^^^H               Martin  and  Cherry,  861 

Oilowski,  443,  444                               ^^^H 

^^^B               Marx,  405,  476,  497 

^^^^^H 

^^^H               ^[arx.     See  PfeiSer 

Pagel,  607                                            ^^^ 

^^^^B               Masoin.     See  Heymans,  Lang 

Panum,  514 

^^^H               Massart.  84,  38,  39,  79,  IWl 

Pttstear,  2, 181,  208,  288, 822,  477, 503,  610, 

^^^^1               Mastbanm.    See  Emmerich 

6U,  669                                                     ^ 

^^^H               Mattel  (di).     See  Kmmeiioh 

Puteor,  Cbamberland  and  Roux.  469        ^M 

^^^^H              Maupas,  16 

Paatenr  and  Jûub«rt,  144                             ^H 

^^^^H                Mehring.     See  Hirflcb 

Pasteur,  Bonx  and  Orancher,  208             ^H 

^^^^1                MulkicL.     See  Sawtcbenko 

Pasteur  and  TboiUier,  283.  473           ^^H 

^^^H               Mendez,  470 

Patella,  97                                              ^^^M 

^^^H                Menge  and  KrOnig,  429,  4S0 

Pawlofl,  69,  62,  65,  497                     ^^H 

^^^H               Mesnil,  55,  75,  78,  136,  139, 141, 

143, 

188, 

Pawlowsky,  44,  833                               ^^^H 

^^^1                   909.  221,  238,  262,  270.  305,  : 

307, 

527 

Pawlowsky  and  Maksutow,  848          ^^^^H 

^^^^H               Memil.     See  Laveran 

Peiper.    See  Beumar                      ^^^^^^H 

^^^H               Metcbnikoff,  31,  5^.  69,  70,  73, 

100, 

101, 

^^^^H 

^^^^^_            116,  131, 137, 13b,  146, 149, 161, 

163, 

164, 

PernoBsi.     Set  Fermi                     ^^^^^^| 

^^^^H           156, 160, 163, 180, 181, 185,  214, 

,221, 

,227, 

PetruBchlty,  138                                   ^^^^1 

^^^^H            237,  3H9, 241, 256, 259. 266,  271, 

276, 

286, 

Pfaundlcr.  259                                         ^^^M 

^^^^B           287,290,302,304,311,377,382, 

385, 

,393, 

Pfefler,  27,  38,  79                                  ^^M 

^^^^H           396,  405,  426,  441,  520,  521,  622, 631, 

,632, 

Preiser,  130,  165,  185,  219,  321,  S67.  S69iS 

^^^^^^            634 

271, 277,  2fl0, 301, 303,  320,  366,  488,  455,^ 

^^^m              MetchnikofI  (Mme),  20,  169,  193 

532,  533,  534 

^^^1               Métis.  44 

Pfciffcr  and  Issaefl,  212,  533 

^^^H               Miller,  414,  415,  418 

Ffeiffef  and  KoUe,  230,  267,  374,  S03,  319.^ 

^^^H               Mitchpll,  423 

481                                                              '■ 

^^^^H               Morax  and  Elmasgian,  409 

Pfeifler  and  Marx,  185,  264,  291.  442        ■ 

^^^1               Morgenrotb,  109,  119,  331 

Pfeiffer  and  Proskaner,  263                          •« 

^^^^H               Morgenrotb.     See  Ehilich 

Pbisalix,  387,  425                                           ■ 

^^^H               MorisUma,  890 

Phisalix  and  Bertt&nd,  883,  337,  538,  848JH 

^^^1               Morse,  412 

847                                                              ]■ 

^^^^H              Moaton, 

Pierallini,  218,  219                                       ^M 

^^H              Moxter,  101.  186.  199 

Plato,  181                                                      ^1 

^^H              MiiUer,  17.  89,  114,  233 

Podwfssozki,  77                                            ^^M 

^^^1              Ujen,  68,  107 

Podwyssozki  and  Mankowslii,  456             ^H 

^^^^H              Myeri.    See  Stephens 

PoUender,  11  ^^H 
Ponfiok,  46                                            ^^H 

^^^H              NeaL     See  Davenport 

Portier,  96                                                ^^^H 

^^H              NéfÀdiefi,  68 

Prat.     See  Nicolas                                ^^^^H 

^^H               Neisser,  194.  196 

Preobrajensky,  431                               ^^^^H 

^^^H               Neieser  and  Wcchsberg,  205.  298 

.  349 

,359 

PrcvAt,  374                                               ^^^M 

^^^1              Nencki,  119.  421,  427 

■ 

L. 

Proakauer.    See  PfeiSet                      ^^^^| 

^^^^^^^        List  of  Authorities  quoted                     bib      H 

^BkbinowitBch  mid  Eempner,  248 

,  816 

Sohiitze,  107,  114                                         ^^^H 

Ransom.  351,  379,  882,  389 

ScbUtze.     See  Wassermann                         ^^^^H 

Uanvier,  4i)9 

Bclavo,  276,  310                                           ^^^H 

Rauchfaas,  501 

Selander,  290                                                   ^^^H 

Recklinghanaen  <Ton),  614 

Senator.    See  L«o                                        ^^^^H 

Becklinghansea.    See  Hoffmann 

Seng.    See  Sraas                                       ^^^^H 

Bemlinger,  417,  450 

Serpa  Piuto,  506                                           ^^^H 

Rrfpin,  420 

Sicard.    See  Widal                                         ^^^H 

Rhumbler,   15 

Bieber.    See  Nenoki                                              ^^| 

Bibbert.  413.  42fl.  624 

Sieber  and   Scbonmow-Simanowski,   419,          ^H 

Bichet  and  Héricourt,  266,  532 

424                                                                            ^M 

Rindtltisch,  514 

Skchiwan,  172                                                 ^^^H 

Bochebnine  (de),  506 

Slateano,  277                                                 ^^^H 

Bôden,  109 

Slawyk,  501                                                      ^^^H 

Boger,  243,  257,  287 

SmiUi,                                                            ^^^^H 

Boger.     See  Chnirin 

Smith  and  Kilbome,  247,  279                   ^^^^H 

Boger  and  Bay  eux,  414 

Bobernheim,  242.  27C,  310,  441                ^^^^H 

Roger»,  468 

Bobemhoim.    See  Frankel                           ^^^^H 

BAmer,  4U1 

Bondakewitcb,  76                                         ^^^^H 

Boncali,  170 

Soiilié,  4G0                                                    ^^^H 

Boâor,  515,  516 

Stadelmann.  97                                            ^^^^H 

Boss,  129 

Stahl,  30,  81                                                  ^^^H 

Boiabacb,  95 

Stein,  12                                                               ^^H 

BoQget.     See  Vaillsrd 

Stephens  and  Myers,  3G0                           ^^^^| 

Bousse.     See  Decroly 

Stern,  419,  642                                             ^^^H 

Roax,  156,  347,  358,  497,  498, 

S  30 

Sticker,                                                          ^^^H 

Boax.     See  Nocard,  Tasteur 

Btehr,  428                                                             ^H 

Roux  (W.),  5Cô 

Stondeosky,  388,  394                                           ^H 

Roux  and  Borrel,  340,  383.  386 

391 

Strasaman,  499                                             ^^^^^Ê 

RoDX  and  Cliftiubt'tlftud,  5H0 

Straus  and  Wnn,  417,  418                        ^^^^1 

Roux  aud  Vuillard,  347,  355,  856 

867,  867, 

Btroganofl,  429                                          ^^^^H 

879,  432.  493 

^^^^^^1 

Boux  aud  YersiD,  343 

Takaki.    See  Waesenuann                         ^^^H 

Raffer,  427,  428,  523 

Tahua,  424                                                          ^M 

Bj-Bielberghe  (vnn),  37,  89 

Tarauewitch.  86,  87,  96,  99                              ^H 
Tehlitovit<ih,  68, 76, 106, 110, 120.  121.  123.        ^B 

Saboiirand,  406 

388,  418                                                              ^1 

Sabraz^  and  Colombot,  135 

Thiltgea,  145,  147                                                ^H 

Sakharoff,  160,  177 

Thomas.  452                                                         ^H 

S&liubeni,  222.  245.  261.  478 

Thomas.     Set  Arloing                                  ^^^^H 

Salimbeni.     See  Calnutte 

Thomson  and  Hewlett,  410                        ^^^^H 

Salmon,  455 

Tbuillier.    Sea  Pasteur                             ^^^H 

Salomon,  418 

Tizzoni,  357,  446                                         ^^^^H 

Salomon8«D,  19 

Tooth,  484                                                    ^^^H 

Salomonsea  and  Madaeu,  846, 

856,  870, 

Torday,                                                             ^^^^H 

879,  380 

Toussaint,  509                                               ^^^H 

ftiltykofl,  273 

Trapeznikoff.  139,  H5                                _^^^M 

SamoUoff,  63 

Traube  and  Oscheiilien.  184                      ^^^^H 

Sanarelli.  262,  287.  415 

Trommsdoril.  38,  169                                 ^^^H 

Banohez-Toiedo,  170 

Trumpp,                                                        ^^^H 

Sara«3ewitch,  195 

Turner.    See  Kolle                                      ^^^H 

Sawtohtnko,  21,  99,   156,    162, 

227.   240, 

^^^^^^1 

260,  270 

Uhlenhuth,  68,  107                                          ^H 

Sawtohenko  and  Melkich,  162, 

227 

^^H 

8«hafler,  42 

Vaillard,  204,  335,  847.  356,  372,  417             ^H 

BchatUinfroh,  172,  188.  190 

Vaillard.     See  Uuax                                              ^^^Ê 

^        SehepUewaky.     Set  Eempner 

Vaillard  and  Roaget,  IfiO.  170                   ^^^H 

Sohiif,  62 

Vaillard  and  Vincent,  169,  394                 ^^^H 

Sohimmelbaacb,  42 

Vallée,  289,  425                                             ^^^H 

'         Sohoamow-Siniaaowski.     Se«  Sieber 

Vallée.     See  Ledainohe                              ^^^^^| 

Schumacher,  461 

Velde  (van  del.     See  Denri                       ^^^^H 

Sohntz,  283.  422 

^^^H 

Bchtttz.    See  VogaB 

Vincent.    Se»  Vaillard                             ^^^^^^^ 
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Vincenzi,  443 
Yirchow,  48,  619,  624 
Voges,  238,  272 
Voges  and  Schiitz,  475 
Voisin  and  Guinon,  602 
Vries  (de),  36 

Wagner,  144 
Waldeyer,  514 
Wallgren,  168 
Walter,  64 
Walz,  193 
Warlomont,  456 
Washbonrn,  486 

Wassermann,  116,  191,  206,  231,  2S4,  278, 
317,  318,  819,  822,  861,  358,  371,  441 
Wassermann.    See  Ehrliob 
Wassermann  and  Schfitze,  107 
Wassermann  and  Takaki,  292,  882,  894 
WassilieS,  65 
Watson-Cheyne,  823 
Weber-Feohner,  27,  38,  666 
Wechsberg.    See  Neisser 
Wecker,  502 

Wehrmann,  417,  419,  424 
Weichbardt,  118,  124 


Weigert,  868,  879,  899,  424,  633 

Wengo,  281 

Wernioke,  276,  446,  447 

Widal,  257 

Widal.    See  Cbantemesse 

Widal  and  Le  Sourd,  439 

Widal  and  Sioard,  260,  261,  364,  439,  440, 

460 
Wood.    See  Woodhead 
Woodfaead  and  Wood,  828 
Wright,  482 

Wright  and  Leishman,  482 
Wunsohheim.    See  Fischl 
Wurtz  and  Lermoyez,  410 
Wnrz.     See  Strans 
Wjssokowitch,  43,  412.  486 
Wyznikiewioz.    Set  Nenoki 

Yersin,  468 

Yersin.    See  Bonx 

Yersiii,  Borrel  and  Calmette,  487 

Zabolotny,  96 
Zeliony.    See  Zilberberg 
Ziegler,  619,  622 
Zilberberg  and  Zeliony,  282 


Abrin,  S44,  345,  346,  401 
Atirin  intoxication,  action  of  hcidy  fluids  on, 
M5,  420;    leucocytie    reaction   against, 
»»<).  401 
Absorption,     Sef  Resorption 
Aonri,  meobanical  action  of,  3 
Accliinatiaation.    Set  Adaptation 
Acid  reaction  inside  phagocytes,  83,  182 
Acid,  secretion  of,  in  osmosis,  'AT,  5U6 
Acidopbile  uiicrobian  Uora  of  «lomach,  418 
Actinians,  digestion  in,  53,  82,  86 
AclinodiaBtase,  57,  197 
Actittophryt,   14,  18 
Adaptation.    See  aUo  Immnnity 
Adaptation  to  toxic  substauces,  21-S7,  30, 
342,   390:    to  Bulino   eolutiona,   23.    30, 
615  ;    to  physical  conditions,  26.  30-31  ; 
of  Plasmodia  to  aisenious  acid,  31  ;    of 
pancreatic  secretion  to  kind  of  food,  64, 
65  ;    of    phagocytes    to    destroy    micro- 
organisms, 281,  558,  566;  of  animals  to 
spinal  concussion,  etc.,  5G4;  of  cells,  513 
Addiment  (syn.  Complement),  93 
Agglutination  in   natural   iromauitv,  '203, 
206;    and  phagocytosis,  202,  242,  245,- 
in   the  diagnosis  of  typhoid,   256,  257, 
281,  439;    its  mechunism,   257;    of  red 
blood  corpascles  by  sernms,  2.58;  of  red 
blood  corpuscles  by  ricin,  360;  does  not 
prevent  growth  of  micro-organisms,  262 
Agglutinative     power,      transmission      bj 
heredity  or  aackling,  450  ;  not  dev<>lopea 
parallel  with  bactericidal  power,  483 
Agglutinins  in  immonity,  242,   246,  256- 
265,  2Dâ,  542,  559;    characters  of,  255. 
659;    origin  of,    in   immunised  animal, 
263-265,    394  ;    difference  between   fixa- 
tives and,  255,  205,  559;   not  the  same 
as  protective  substances,  266,  269,  294 
Albuminoid  substances,  resorption  of,  106- 

127 
Alexins,     See  aUo  Cytases 
Alexin*,  67-96,  96,  98,  184,  193,  255,  628, 

533,  535,  639 
Alimentary  canal.     See  Int<>8tine 
Alizarin  aulpbo-acid,  13,  B3,  18d 
AlUgator.  77,  143,  382,  401 


Amboceptors  (syn.  fizntiTes),  91,  93,  297, 
557 

Ammocoetet,  77,  7S 

Amoeba,  14,  18,  23,  547,  549 

Anioebodiastase,  16,  197,  549 

Amoeboid  cells.  See  Leucocytes  and  Pha- 
gocytes 

Amphibia.    See  Frog,  Asolotl 

Amylase,  95;  in  the  urine,  66 

Androctonui.     See  Scorpion 

AnopheUi  and  malaria,  129 

Antagouism  between  certain  bacteria,  323 

Anthrax.  11,  20,  21,  25,  41,  46, 180;  immu 
nity  of  dog  againnt,  141>-I<51,  242;  acquir- 
ed immunity  of  Scolupendra  against,  209; 
natnrnl  immunity  of  white  rat  againnt, 
526;  protective  serums  againut,  20.  276, 
90'J-311;  phivgolyAiK  in  ari|uixcd  immunity 
a^'sinst,  280:  immunisation  against,  by 
means  of  other  bacteria,  323;  infectiou 
by  inhalation,  412;  by  ingestion,  423; 
immunity  against,  transmitted  to  oS- 
spring,  415,  447;  vaccinations  against, 
208,  241,  468-471;  method,  470;  ^tatis- 
ties,  471;  vaccinntion  against,  by  boated 
anthrax  bluod,  607;  vaccines  against, 
208,  470,  509;  phagocytosis  in,  621, 
523 

Anthrax  bacillus,  action  on  rabies,  150; 
baoterii.'idal  action  of  blood-serums  on, 
20,  146,  150,  151,  156,  157,  240;  in- 
creasing the  viraleuce  of,  150;  attenua- 
tion of,  208,  288;  eoeinophile  transfor- 
mation in,  198;  protective  thickening  of 
biiotcriol  membrane  in,  242  ;  agglutination 
of,  203.  242,  200.  204  ;  notarnl  immunity 
anaiuat,  132-140,  143-147,  149-159,  511, 
512  ;  acquired  immnnitr  against,  239-342. 
376,277;  antagonism  between,  and  certain 
bacteria,  323;  fste  of,  in  Algerian  sheep, 
512;  destruction  of,  by  defibrinated  blood. 
535 

Anthrax,  symptomatic:  immunity  against 
bacilli  of,  171  ;  heredity  of  immunity 
against,  452;  vaccinations  against,  471- 
473;  phagocytosis  in,  623 

Astiabrin,  401 
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Ânti-arsenio  seram,  390 

Anticytoees,  112 

Auticytase  geium,  115,  371 

Amic>-totoxinB,  110,  118,   122,  127,  360 

Antidjastaae,  109 

Autidiastatic  senimB,  SCI 

Aati-enzymes,  109 

Antifixative,  112 

AQtiha«mo1ysinii,  111 

AntUiaemotoxinii,  111.  119,   122 

Anti-infective.    See  Froteciive 

Aatileucocidin,  350 

Antineurotoxin,  116 

Antirennet,  109 

Antiricin,  300 

Antisepsis,  Nature  replaces  by  as«p«is,  432 

Antiseptics.  See  alio  ToxiiiB  aud  Adaptation 

Antiaeptica  and  foodn,  26 

Antiseptic  action  of  the  gastric  jaice,  417 

Antispermcilîxative,  124 

AntiB()eniiotoxiDR,  111),  122-126 

Anti«treptocoocio  eerum.  243-245 

Antitetanin,  nervons  origin  of,  390 

Antitoxic.     See  alio  Protective 

Antitoxic  unit  of  Etirlioh,  37H,  496;  action 
of  non-specific  and  normal  Beroms  and  of 
brotb,  365;  function  of  tlie  saliva,  417; 
function  of  pepsin  and  other  di^estire 
ferment»,  419,  424;  action  of  intestinal 
flora,  427  ;  property  of  tlie  body  fluidfi, 
531  {ice  Body  fluids,  Serums)  ;  power  of 
the  bluod  of  Dew-boFD  children,  446 

Antitoxins,  natural,  in  normal  blood,  111, 
204,  444  ;  rarity  in  body  tluids  in  natnral 
immnnity,  204,  533,  533;  development 
of,  daring  iinmuQisution,  354  ;  properties 
of,  364;  present  in  Toriout  fluid»  of 
immuniBed  animal,  355.  531;  mudo  of 
action  of,  on  toxins,  356-362,  371  ;  con- 
ditions acting  in  mixtures  of,  with  toxinn, 
362;  immunity  a^inst  toxioa  not  in 
direct  constant  ratio  to  amount  of,  367- 
376;  effect  of  using  serum  from  same 
Bpeoiea,  379  ;  bypotbeais  an  to  nature 
and  origin  of,  377-402,  502;  prob.-vl.le 
port  pluyed  by  phagocytes  in  productiun 
of,  4()(>-4()2;  rapid  regeneration  of,  after 
bleeding,  379;  augmentation  in  produc- 
tion of,  by  pilocarpin,  380;  transmission 
of,  by  mUk  to  offspring,  449;  analogy 
of,  with  flxatives,  661  ;  hvperseoretion  of, 
603 

AntivenomouB  property  of  blood  of  Boor- 
pioD,  328;  action  of  serums,  334,  338; 
serum,  action  of.  334,  338,  358,  360 

Aqueous  huutour,  bncteiicidat  action  of, 
134,192;  in  immuuincd  animals  cootains 
no  fixative,  217,  222;  in  immunised 
animals  contaius  antitoxin,  355 

Arsenic:  adaptation  to,  31,  343,  390;  pro- 
tective serum  against,  390;  leuoooytio 
reaction  ugainst,  390-399;  as  a  remedy 
against  microbial  disease,  513 


Arsenic  acid,  action  of,  on  Anthrax  baoillc 

25 
Arsenions  acid,  adaptation  of    placmodia" 

to,  31 
Artkropoda.     See  Clothes-moth,  Crayfiab, 

Crnstacea,  Daplmia,   Scolopendra,   Scor- 
pion, Bpider,  Tick 
Arthrospores  of  Hucppe,  254 
Aiearit,  poor  microbian  flora  in  intestii» 

of,  421  ;  plmgocytio  organs  of,  547 
Asepsis  is  Nuture'a  metliod,  432 
AspergilloBis.  2,  4.     See  nho  MyooMB^ 
Atrophic  diseases,  probably  due  to  a  p*ra- 

site,  3 
Atropin,  renotion  of  rabbit  and  guinea-pig 

to,  395.  396 
Attenuation.     See  alto   Vaccination,    Tac» J 

cines 
Atteunation  of  micro-organisms  and  «iniMis,! 

discovery  and  application  of,  S06,  247. 

288,    608;    of   micro-organiiona   by   the 

fluids  of  immnnised  animalsj  886-389; 

of  toxins,  344 
Autodigeation  in  yeast,  197 
Autospermotoxins,   lul 
Autotoxins,  104 
Axolotl,    susoeptible    to     tetoniu    toxin, 

330 

Bacilli,      anaerobic,      natural      inunonitjr  j 
against,  169,  170 

Bacilliu  aërogenei,  agglutination  in,  264 

Bueillut  ehauvaei.  See  Anthrax  ayiopto- 
roatio 

Bacillu*  coli  attacks  potato,  35;  vooeina- 
tion  against,  267;  transformation  of,  into 
granules,  198  ;  moditied  growth  on  certain 
serums,  259 

Bncillus  of  Doederlein,  429;  of  Kiel  water, 
408 

Biteittut  pyocyaneut,  42,  180.  251,  â2>>; 
acquired  immunity  againet,  210,  232- 
23t>,  301;  Pfciller's  phenomenon  in,  2:}4, 
307;  special  forms  of  growth  in  soruma 
from  vaccinated  animals,  2.56  ;  aggluti- 
nation of,  261,  3U7;  suBoeptibility  to  tha  I 
toxins  of,  290,  351;  action  of  speciûo  se- 
rum on,  307,  358  ;  antagonistic  to  anthrax 
bacillus,  323  ;  immunisation  against  toxin 
of,  351;  a  leucucidin  from,  359:  action 
of  liver  on  toxin  of,  427;  heredity  of 
immunity  against  toxin  of,  446 

Bacillut  ranicida,  140 

Bacteria.    See  Micro-organisms 

Bactericidal  action  of  serum,  influence  of 
alkalinity  or  acidity  on,  196;  function 
of  the  tears,  40H 

Bactericidal  pro|M>rty.  See  aUo  Body  flaida. 
Humoral  theory.  Serums 

Bactericidal  property  :  in  blood  and  oth*r 
fluid».  20,  146,  150,  151,  156,  157,  184- 
193,  211,  22».  233.  238,  240,  241,  243. 
244,    512,    525-531,   542,    654;    of    budy 
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flniJg,  theory  of  osmotio  pressure,  193, 
213;  of  extracts  of  f,\&nÀ»  aud  exuda- 
tioDH,  195;  of  the  Baliva,  415;  absence 
of,  from  the  intestinal  ferments,  424,  667  ; 
o{  serums,  Wright's  method  of  teatinij, 
493;  does  not  develop  paralleL  with  Ag- 
glutinative, 483  ;  and  immnnity,  absence 
of  parallelism,  5Ô4 

Bactericidal  substance  (alexin,  comple- 
ment, oytasey  :  in  blood  and  other  flnida, 
164-193,  534;  soDroe  of,  in  body  fluids, 
lii&-193;  theory  of  leFOeocytie  seoretions, 
187-191  ;  pt«8euM  in  body  flnids  due  to 
pbagolysis,  191;  is  of  phagocytic  origin, 
185,  1Û2;  in  body  Soids,  microphogeg 
aonrce  of,  187;  not  reristant  to  heat, 
208;  and  so  diatisKoishod  from  pro- 
tective Bubstanw,  S&â;  Pfviffcr's  theory 
of.  334 

Bacteriolysis.  See  Miero-organiama,  de- 
fltraction  of 

Bacteriolysis,  analogy  b«tween  haemolyaii 
and,  537 

Bat,  immunity  against  tetanni  of  hiber- 
nating, 33'J 

Baumes-Colles'  law  in  syphilis,  436 

Bchriog's  "normal  aerum,"  490 

Bile,  function  of,  60  ;  salts  protective 
against  snake  venom,  S4tô;  protective 
function  of,  424 

Dijiinnaria,  70,  518 

Blostomycc'tes.    See  alio  Teut-c«Ua 

Blostomycetos.  resistance  of  Dnphnia  to, 
131,  404,  520;  fate  of,  in  refractory 
arganiam,  172;  acidophile,  418 

Blood,  pepsin  in  the,  C6,  663  ;  precipitins  in 
the,  t56. 106,  107. 568;  fate  of  effusions  of, 
78;  bactericidal  power  of,  184  {see  alio 
Baeterioitlal.  Serams)  ;  natural  antitoxins 
in  normal.  111,  204,  444;  stimulant  (pro- 
tectiv*)  action  of  human,  271,  318; 
immunity  conferred  by  maternal,  447; 
recognition  of,  in  medico-legal  research, 
107,  666:  from  conTalesceuts,  protective 
power  of,  437,  441,  443;  agglutination 
of  {été  Agglutination) 

Blood  eorpusoWs,  resorption  of  red,  47, 
60,  66,  67,  70,  73,  79-100,  S37  {iet  aUo 
Haemolysis)  ;  fixation  of  cytase  by  rod, 
194;  agglutination  of  red,  by  semms, 
258;  a(;glntination  of  red,  by  riciu,  360 

Body  fluids.  See  alto  Bactericidal,  Blood, 
Humoral  theory,  Serams 

Body  (luids,  natural  immunity  and  the 
composition  of,  128-131, 146;  in  natural 
immunity,  absence  of  antitoxic  pro[ierty 
in,  204  ;  bactericidal  power  of,  164-193, 
513,  525-531,  542  {tee  alio  Body  fluids. 
Serums)  ;  antitoxic  power  of  the,  204,  531, 
633,  543;  protective  proiwrtiesof,  266-2i40 

Boophilui  bovit,  247 

Bordet's  sensibilising  substance,  91,  199, 
'298.  535,  537,  557 


Botulism,  protective  action  of  Mi  icrife 
toxin  of,  387  ;    action  of  di^Mtin  câs- 
staaea  on  toxin  of,  430 

Bouchard's  theory  of  aoqnired  immunity, 
232, 266;  of  attenuating  power  of  serams, 
286-289 

Bouillon  de  panse,  473 

Bovidac,  ncqaired  immunity  of,  against 
Texas  fever,  247,  279;  protection  of, 
against  tetanus,  494;  vaccination  of, 
against  rinderpest,  425,  466-468;  against 
rabies,  460  ;  against  anthrax,  470  ;  against 
symptomatic  anthrax,  471;  against  pleu- 
ropneumonia, 477-479;  ancient  methods 
■gainst  plcuropnenmonia  in,  606 

Broth  as  a  protective  fluid,  320,  321,  365 

Buccal  cavity,  microbial  products  in  the 
protection  of  the,  416;  flora  of,  414 

Buchuer'g  theory  of  immunity,  512,  527 

Calf  l^'mph  ▼oocine,  method  of  prepara- 
tion, 450 

Caratëiui.     See  Goldfish 

Carmine,  fixation  of  tetoniu  toxin  by, 
388,  394 

Cattle.    See  Bovidae 

Cattle  pkgue.    See  Rinderpest 

Cayman.     See  AUi^'Htor 

Cellular  or  histogenio  Immanity,  335,  88^ 
840,  563-665 

Celluloaose,  86 

Cerebral  aubatanoe,  action  of  emolsions  of, 
on  toxin»,  386 

Cerebral  tetanus,  363,  391 

Cbemiotaxin.  See  alto  UyiMtleneocytMis, 
Susceptibility 

Chemiotaxis  in  Infusoria,  19;  in  plaamodia 
of  the  Myxomycètes,  30;  of  duodenal 
mucous  membrane,  64  ;  of  phagocytes, 
79,  108,  133, 167,  177.  280;  of  leucocytes 
for  rennet,  etc.,  119;  positive,  in  seg- 
mentation-cells of  frog  embryo,  566 

Cholera  antibody  (fixative),  25»,  267,  292 

Cholera,  Asiatic,  protective  power  of  blood 
of  convalescents  from,  441;  vaccinations 
against,  480-481 

Cholera  peritonitis,  heredity  of  immunity 
against,  447,  448;  immanity  of  guinea- 
pig  against,  633 

Cholera  toxin,  alligator  resistant  to,  338  ; 
immunisation  against,  350;  action  of 
normal  scrum  of  goat  on.  365 

Cholera  vibrio.  See  alto  Pfeifler's  pheno- 
menon, Vibrios 

Cholera  vibrio,  sdaplation  of,  to  bactericidal 
substance,  23;  Husceptibility  of  larva  of 
Bhiuoceros  beetle  to,  40,  133;  immunity 
of  frog  against,  142;  of  guinea-pig  against, 
163,  538  ;  extraoellutnr  destruction  of, 
165,  312  0>ee  aUo  Pfeillcr'»  plu-nomenon); 
eosinophile  transformation  iu,  lO'i  :  ar- 
throspores  of,  254  ;  agglutination  of,  261, 
264;  protective  action  of  senims  against, 
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S68,  271.  318;  of  human  blood  against, 
271,  31d  ;  immanity  to,  is  not  iagu»cepti> 
bility  to  its  toxin,  2y0;  origin  of  protective 
prupprty  neninst,  391;    protective  action 
of  various  11  uidB  against,  320;  antagoniBm 
between  certain   bacteria   and,   S24;    in 
stomach,  419, 667;  susceptible  to  acids  in 
fttro,  419;  in  intestine,  43S,  667;  eeram 
from  animals  iinrauni.sed  against,  683 
Cholesterin.     See  alto  Fata 
Cholcetvrin,  fixation  of  toxins  by,  387;  fix- 
ation of  saponin  by,  389 
Ckytridinm,  13 
Cicatrisation  of  plants,  34 
Clasmatoc3'tes,  7S 
Glavelée  (lu).     See  Shcep-poz 
Clavelisation  against  Sbeep-pox,  460 
Clothea-moths,  micro-organismaabsentfrom 

digestive  canal  of  larvae  of  certain,  420 
Coccobdcillu* prodigiotui.    See  under  Micro- 

eocctit 
Cookohafer  larva,  70,  326 
Complement  of  Ehrlicb,  88,  91, 193,  251, 297 
Complementoids  of  Ebrlicb,  115 
Concussion,  episal,  adaptation  to,  564 
Conjunctiva,  elimination  of  miero-organiRma 
by  the,  408;  absorption  of  toxins  by  the, 
409 

gpula  of  P.  Millier,  91 
rnea,  protective  resistance  by  the,  409 

Crayfish,  susceptible  to  certain  tosins,  345  ; 
blood  of,  antitoxic  against  scorpion 
venom,  366;  poor  intestinal  flora  of,  421 

Crickets  and  micro-organisms.  41,  133; 
natural  immunity  against  toxins  in,  329 

Crustacea.     See  Crayfish,  DapUnia 

Crustacea,  protective  function  of  integument 
of,  404 

Cyprinu»,    See  Goldfish 

Cytaae  of  Laurent,  86 

Cytases  (syn.  alexins,  complements),  9S,  98, 
123;  eWborated  by  phagocytes,  197,  252, 
6â'J,  549-556;  thrown  out  into  plasmas 
during  phagolysis,  95,  99,  102,  197,  262, 
661-554;  bactericidal  power  of.  183,  184, 
191,  193-198,  217  {lee  alto  Bactericidal, 
Body  fluids,  Serums)  ;  unity  or  plurality 
of,  in  same  serum,  193, 197  ;  absorption  of, 
194,  200;  two  kinds  of,  maorucytase  and 
microcytase,  195,  296,  649;  characters  of 
the,  197,  649:  enzymes  other  than,  in 
phagocytes,  197;  in  the  immunised  or- 
ganism, 260-266,  290,  317,  654;  présence 
or  absence  of,  how  determined,  353;  Ehr- 
lich's  and  author's  views  on,  contrasted, 
297;  compared  with  fixatives,  555 

Cytotoxins,  105  (note),  110,  116 

Daphnia,  resistance   of,  to  Blastomycetes, 

131,  404,  520 
Darwin  on  the  extinction  of  the  elephant,  8 
Dermis,  arrest  of  micro-organisms  la  the, 

400 


Desmon  (of  London),  91 

Diastases.  ^MDigestive  ferments.  Fermenta 

Digestion  in  the  higher  animals,  49,  59-65; 
psychical  and  nervous  elements  in,  62, 
666  ;  extracellular,  by  secreted  juioea,  49, 
58,  62;  the  liver  of  the  MoUusca  as  second 
organ  of,  59  ;  in  the  tissues,  67;  and  re- 
sorption closely  related,  69,  85;  by  ma- 
crophagio  organs,  85,  150 

Digestion,  intracellular.  See  aUo  Phago- 
cytes, Phagocytosis,  Besorption 

Digestion,  intracellular,  48,  85,  517,  618, 
690;  in  the  Protozoa,  13.  30,  49;  in 
Planarians,  49,  71,  82  ;  in  Actinians.  53, 
82,  85  ;  in  Sponges,  69,  617  ;  transition 
from,  to  digestion  by  secreted  jnicce,  49, 
58 

Digestive  ferments,  antitoxic  fonction  of. 
424  ;  action  of,  on  toxin  of  botulism,  420 

Diphtheria,  7. 41, 132,  204  ;  antitoxic  power 
of  blood  of  convalescents  from,  443;  anti- 
toxic power  against,  in  blood  of  healtliy 
persons,  444  ;  and  in  blood  of  new.born 
children,  445;  heredity  of  immunity 
against,  445,  447,  448;  influence  of  anti- 
cytase  serumoD,  371  ;  vaccinations  against, 
495-503;  semm  against,  495;  standard- 
isation and  testicg  of  this  serum,  496- 
498;  its  protective  and  antitoxic  powers 
do  not  develop  in  equal  ratio,  497;  iia 
prophylactic  use,  498-5(13;  accidents 
during  treatment,  499,  502;  statistics, 
500-503 

Diphtheria  toxin,  increased  susceptibility  of 
iminuuisedguinon-pigto,  290;  naturaj'im- 
munity  of  rat  and  mouse  ajtaintit,  204, 3:'t9  ; 
natural  immunity  of  frog  utiainst,  3,Hi>; 
immunisation  against,  344,  347,  'H9,  353; 
attenuation  of,  344  ;  preventive  action  of 
Bticleobiston  on,  365;  action  of,  on  brain 
of  laboratory  animals,  386;  sets  up  local 
lesions  in  the  conjunctiva,  409;  pepsin 
destroys,  419 

Diplococcut  pneumoniae.  Set  Pneumoeoe- 
cus 

Diseases,  fear  of,  and  pessimism,  1,  569  ; 
atrophic,  probably  due  to  a  parasit«, 
S  ;  mechanical  element  as  etiological 
factor,  3;  toxic  element  as  etiological 
factor,  4;  developed  on  the  earth  at  a  very 
early  epoch,  8  ;  and  extinction  of  species, 
8;  infective,  in  multicellular  plants,  29^ 
89;  set  up  by  Fungi.     See  Fungi 

Dog,  immunity  of,  against  anthrax,  149- 
151,  242;  action  of  antlirax  bacillus  on 
rabid,  150;  immunity  of,  against  strepto- 
cocci, 167  ;  naturally  refractory  agaiubt 
a  staphylococcus,  266  ;  bactericidal  actiLin 
of  blood  of,  on  anthrax  bacillus,  150, 151, 
156;  digestion  of  gelatine  by  leucocytes 
of,  108;  enterokynase  in  lymphoid  organs 
of,  61;  digestive  fluids  of,  62-65;  disin- 
fecting power  of  small  intestine  of,  422  ; 
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plia^ocytosia  in,  149.  151;  bacmntozoon 

in,  27*J 
Domestio  animaU,  immunisativii  of,  aKainst 

dtMMe.     See  Bovidae,  Uop,  Goftt,  Hors*, 

Pig,  Sheep.  Swine,  Vaccinea,  Vaocinationa 
Donrine,  2,  247 
Drepanidium,  516 

Druga,  absorption  of,  by  leucocyte»,  400 
Doodenuin,  chemiotuxia  of  muooos  inein- 

bnuie  of,  64 
"Duft"  cells,  75,  411-414 

Kel'a  serum.     Ste  alto  Icbtbyotoxin 

Eel's  serum,  toxio  action  of,  20,  111,  563; 
and  precipitinB,   6i^,  106 

Effusions  of  blood,  fate  of,  73 

Ehrllcb's  neutral  red  reaction,  13,  83,  181; 
olassiâcation  of  leucocytes,  74,  76-78; 
theory  of  «ide-ohaina  or  receptors,  120, 
381-384,  538,  657,  563-^63-,  compared 
with  theory  of  phagocytes,  296-299,  638, 
558;   "immiiniBing  unit,"  373,  496 

Elephant,  extinction  of,  8 

Elimination  of  uicro-organisma  from  the 
body,  43,  46;  by  the  epiderujis,  406;  by 
(be  conjanotiva,  408;  by  the  nasal  ma- 
cosa,  410 

Emu».     See  Turtle 

Enuo-enzymes,  197 

Endotrypain  of  yeast,  197 

Enterokynaae,  59,  98 

Enzymes.     See  Ferments 

Eoaioopbile  leucocytes,  secretion  by,  io 
baeteriolyais,  187,  542 

Eosinopbile  staining  reaction,  108 

Epidermis,  exfoliation  of  the,  400 

Ernst's  bacillus,  immunity  of  frog  against, 
140 

Erysipelas.    See  Swine  erysipelas 

Etysipc'las,  inioinnity  in,  434 

Erysipelaa  streptococcus,  protective  aetinn 
of,  against  anthrax,  323;  its  ose  in  ma- 
lignant tumours,  434 

Excretion.     Ste  alio  Elimination 

Excretion  in  relation  to  mioro-organisms, 
43,  432  ;  of  pepsin  in  the  nrine,  65  ;  of 
pepsin  in  the  blood,  66,  563 

Exfoliation  of  the  epidermis,  406 

Exudations,  bactericidal  power  of,  185, 193, 
195 

Ftroy.  alow  evolation  of,  406 

Fats,  protective  action  of,  agaisat  toxins, 
887 

Ferments.  See  also  Intestinal,  Digestive, 
Fibrin-ferment,  Gastric  juioe.  Saliva, 
Trypsin 

Ferments,  Po-steur  on  the  organii>ed  nattire 
of,  2;  soluble  (diastases  or  enzymes),  in 
diuestion.  49.  55.  67, 108,  109,  197;  anti- 
toxic function  of  digestive,  424;  pbago- 
eytic.  1U7. 049-550;  hypersecretion  of,  563 

Fibrin  ferment  (plasmase),  96,  197,  550 


Fishes.     See  Goldfish 

Fishes,  phagocytosis  in,  135 

Fixatives  (immunising  body,  or  amboceptor, 
or  sensibilisitig  substance),  88,  92-95, 
97,  98, 103-105,  199-202,  296;  synonyms 
of,  91  ;  analogy  of,  with  cntcrokynase, 
98;  presence  of,  in  plasmas,  103,  112- 
114,  217;  in  protective  serums,  269,  438; 
in  mesenteric  glands,  98  ;  in  spcmio- 
toxins,  101;  oriRin  of,  103,  294,  537, 
656-559  :  speciticity  of,  88. 105,  216,  251, 
253,  296;  rarity  of,  in  normal  flaidn, 
199-201,  250;  method  of  determining 
whether  present  in  a  serum,  199;  absent 
from  aqueous  bumour  of  immunised 
animals,  217,  222,  351;  in  the  immu- 
nised organism,  250-255  ;  properties 
of,  251,  253,  2.55,  554;  differ  from 
agglutinative  substunoeii,  255,  265,  569; 
relation  of,  to  phagocytosis,  391,  296; 
part  played  by,  in  Pfeiffer's  phenomenon, 
251,  295  ;  and  protective  substances 
oloBely  connected,  269,  294,  295,  561; 
compared  with  cytases,  665  ;  meohauism 
of  action  of,  567 

Food  Bubstanoee,  absorption  of,  by  other 
channel  than  alimentary  oanal,  67 

Foods  and  antiseptics,  36 

Foreign  bodies,  fate  of,  in  organism,  46, 
63,  56,  56.  517 

Formed  elements,  resorption  of  the,  47, 
67-105 

Fowl,  immunity  of,  against  anthrax,  144, 
159  ;  phagocytosis  in,  144,  282  ;  bacteri- 
cidal action  of  plasma  of,  on  anthrax, 
146;  blood  serum  of,  and  tetanus,  304; 
immanity  of,  against  tetanus,  304;  na- 
tural immunity  of,  against  tetanus  toxin, 
335  ;  influence  of  removal  of  parts  of 
brain  and  cord  on  tetanus  in,  384 

Fowl  cholera,  infection  of  laboratory  ani- 
mals with,  181  ;  vaccine  against,  308  ; 
phagocytosis  in,  283  ;  action  of  exuda- 
tions of  fowls  vaccinated  against,  388  ; 
acquired  immunity  against,  288,  608  ; 
failure  of  bacillus  of,  to  grow  iu  oertoin 
media,  610 

FriedUnder's  bacillus  prevents  infection  by 
anthrax,  33.3 

Frog,  phagocytosis  in,  137,  142  ;  immunity 
of,  against  anthrax,  137  ;  ofi^ainst  Ernst's 
bacillus,  140;  against  bacillua  of  mouse 
septicaemia,  141  ;  against  cholera  vibrio, 
142;  acquired  immanity  uf,  against  pyo- 
oyanic  disease,  210,  301  ;  natural  im- 
munity of,  against  tetanus  toxin,  330  ; 
against  diphtheria  toxin,  330  ;  immuni- 
sation of,  against  abrin,  345  ;  absorption 
of  tetanus  toxin  by  brain  of,  386 

Frog  embryo,  positive  chemiutaxis  in  seg» 
mentation -oells  of,  665 

Fungi,  dineasea  set  op  by,  3,  4,  18,  82,  131, 
135,  404  (tee  alto  Aspergillosis,  Mycoses) 
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Galactose.     See  Millt-sugiir 

Gainnleia's  vibrio.    Set  Vibrio  metchnikovi 

Gastric  juice,  antiseptic  aotion  of,  417  ; 
pgyoliio  influence  on,  63,  566.  Stt  Pepsin 

G^ktine,  reiwrption  of,  1U7 

Oeutilly  bocillug.     See  Pueumo-enteritia 

Oerbil,  tubercle  in.  22.  183 

Goat,  action  of  normal  serum  of,  on  cholera 
toxin,  365  ;  vaccination  of,  Hgainsl  rabies, 
466  :  acquired  iiumunity  in,  663 

Goldfish,  72,  135 

Goose  septicaemia.  See  Spiroehaete  an- 
âeritia 

"Greek  method"  of  Tarioliaation  against 
«mall-pox,  ^07 

Gruber's  theory  of  immnnity,  256,  2C2 

Guinea-pig,  immunitv  of,  against  spirilla, 
160,  162;  against  vibrioa.  163,  211-227, 
27Û,  287,  531,  533;  a^inst  streptococci, 
165;  against  tetanus  baciilas,  IG'J;  agoioBt 
symptomatio  anthrax,  171  ;  against  Try- 
piinotomata,  173  ;  acquired  immunity 
açaiust  spirilla  of  recurrent  fever,  227- 
230;  agaiust  typhoid,  191, 'ilM;  against 
Ilonllu*  pyoeyaneus,  234-230  ;  against 
anthrax,  276,  277  ;  phagocytosis  in,  162, 
163,  166.  170,  223;  hypcrausceptibility 
of  immunised,  to  diphtlicria  toxiu,  290  ; 
protective  power  of  serum  of  immo&iaed, 
293  ;  effect  of  removal  of  spleen  of,  293  ; 
antivenomoDS  action  of  serum  of,  S88  ; 
immunisation  of,  against  cholera  toxin, 
951  ;  increasing  natural  susceptibility  of, 
to  toxins,  S69,  370;  reaction  of,  to 
airopin,  896 

Uocmatopoietio  organs.   Set  alto  Lymphoid 

organs 
Haematopoietic  organs  as  source  of   pro- 
tective substance,  292-294 
Hacmatozoa.  See  VirupUuma,  Trypano4oma 
Hoematozoon  in  dog  closely  allied  to  that 

of  Texas  fever,  279 
Haemolysis.     Stt  alto  Blood  oorpuaclea, 

resorption  of 
Hoemolyais,   79-100,   111,   112,   637;    the 

two   substances   which    act    in,   68,  98, 

538  ;  analogy  between  bacteriolysis  and, 

537 
Hoemomocrophapes,  76,  136 
Haptophore  atomic  group  in  a  toxin,  120, 

350,  384 
Hedgehog,   natural   immnnity  of,   against 

poisons  and  venoms,  .137 
IMix  pomatin,  70,  134 
Heredity  of  immunity.  445-453,  613 
Herptêtet.     S«e  Mungoosa 
Hibernation,  eflects  on  resistance  to  toxins, 

»S9 
Uippoeampur,  136 
Hivtogenic  immunity,  SS6  (tee  Immnnity, 

cellular) 
Hog  cholera,  resemblance  of  baciUui   of, 


to  that  of  pneamo-enteritis,  259  :  Bemml 
of  animals  vaccinated  ogainiit,  2Ci');  ag- 
glutination in,  260;  protective  action  of  ' 
serums    against,    272  ;    susoeptibility   of 
vaccinated  animals  to  the  toxin,  290 

Horse.    See  nUo  Diphtlieria 

Horse,  acquired  immunity  against  cbole 
vibrio,    222  ;    against   streptococci,    344,1 
24.5,  313;  local  reaction  to  tetanus  toxial 
in.  352;  immunised,  with  poor  yield  In* 
antitoxin,  373,  875  ;   reaction  of,'  to  one 
unit  of   toxin,  378  ;   antitoxic  power  of 
serum  of  normal,  380;  phagocytomB 
245,  313  ;  an ti  venomous  action  of 
of,  338  ;   vaccination  of,  against  rabies,  ^ 
466;    vaccination    of,   against    anthrax, 
470  ;    protective  serum   against   tctanna 
10,  493 

Humoral    phonomena  in   immunity,    184, 
250,  290,  437-440,  525-531,  512,  543 

Humoral  theories  of  immnnity,  184,  5â5>l 
531,  542,  543  ;  attempts  to  reconcile  witlv] 
theory  of  phagocytes,  530 

Humours.     See  Body  fluids,  Serums 

Hyperleucocytosis.     See  alto  Chemiotaxis 

Hyperleueooytosis    during     immunisation, 
852,  393 

Hypersecretion,  663  {tee  Beceptors) 

Hvpersusceptibilitv  to  toxins  in  immnniMd. 
animals,  290,  368-374,  564 

Hyphumycetes,  diseases  oaased  l^,  2 

Hypopyon,  pus  of,  96 

Ichthyotoxin,  110,  120.  121.  122.  .126.  idO 
{tee  alto  Eel's  seruiu) 

Inununisation.     See  Immunity,  aci]ainiJ, 
artiflcial  and  tcmpontry,  Vaccination 

Immunisation    against    toxins,     principal] 
methods    of,    345-350;    by    unmodiaed] 
toxins,   345-346  ;    by    modified    toxin»,] 
847  ;  by  mixtures  of  toxiu  and  antitoxin, 
348  ;  by  toxones  and  toxoi.is,  349  ;  phe- 
nomena produced  during,  352-354 

Immunising    body    of    Ebrlich,    91,    261; 
unit  of  EhrUoh,  873,  496 

Immunity,     historioal     sketch,     505-543;  I 
Bumraary,  544—569;  by  attenuated  micro- 1 
organisms,  2;  predispositiou  or  abaenoa^ 
of,  7;  against  infective  diseases,  9;  de*  I 
finition  of,  10  ;  against  micro-organisms,  I 
10,  41,    42,   128-206,   207-324;    againsil 
toxin»,   10,   41,    42,    325-341,    342-402;  f 
not  same   as  against    micro-organisms,  [ 
290,   351;  in  unicellular  organisms,  11- J 
28  ;   in   multicellular   plants,  29-39  ;   in  J 
plants,  action  of  manures  on,  36  ;  in  the  | 
animal  kingdom,  40-66  ;  cellular  or  histo- 1 
genie,   3.15,   SWt,   34(1,    563-665;     activ« 
(Ehrlicb),  378  =  isopathic  immunity  (roa 
Behring)  ;     pasnive    (Ehrlioh),    378,    453  ' 
= antitoxic     immunity    {von    Behring)  ; 
passive    against    micro-orgnnisms,    3^9- 
324,  560;  iso|)atliic  (vou  Beiiriug;,  376; 
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antitoxifl  (vod  Beliring),  37S  ;  of  the  skin, 
403-'l07  ;  of  thv  niucouB  membranoB, 
401-iii'2  ;  BUHctptibilit.T  in,  665  (see  also 
HyprrEusc<!ptibilit7,Sa6ceptibility>;  chan- 
nel of  entrance  in,  Sti?  ;  applications  of 
theoi}'  of,  to  medical  pruotioc  and  to  the 
research  of  new  orRnniiamH,  S67-669 

Immunity,  natural  :  lU,  17.  Id,  30  ;  lunongst 
InvertebrateB,  40,  131-13Ô  :  amongst 
Vertebrata,  41,  135-174;  agaiiiBt  micro- 
orgnnisms,  128-174,  175-20(5  ;  and  com- 
position of  body  fluids,  128-131  ;  againBt 
anaerobic  bacteria,  Iti'J,  170;  part  played 
by  inllammution  in,  176  ;  importance  of 
microphat^e»  in,  177  ;  humoral  theory  of, 
184  ;  iigglatination  in,  202,  206  ;  againat 
toxin»,  325-341 

Immnnity,  acqnired  :  10,  1<),  31  ;  against 
micro-organisms,  207-24i>,  250-290: 
•gainst  vibrios,  211-227;  against  pyo- 
oyanio  disease,  210. 232-2;{6, 301  ;  against 
spirilla  of  recurrent  fever,  227-230  ; 
against  typhoid  baoillna,  230  ;  agaioat 
swine  erysipelas,  23C-239;  against  an- 
thrax, 239-242  ;  against  streptococcnii, 
243-247:  against  Trypimotnnutta,  247- 
249,  316  ;  against  staphylococcus,  2()6 

Immunity,  rapid  and  t^mporory  :  against 
micro-organisms,  300-324;  conferred  by 
specific  serums,  301-317;  conferred  by 
normal  serums,  317-320  ;  conferred  by 
fluids  other  than  serums,  320-322  ;  con- 
ferred by  non-specifio  micro-organisms, 
322-:V24 

Immunity,  artiticial,  againt>t  toxins,  343- 
402  ;  against  bacterial  toxinsi,  343  ; 
■gainst  vegetable  toxins,  344,365;  against 
■nake  venom,  845  ;  not  in  direct  ratiu 
to  amount  of  antitoxin  ia  body  tluide, 
367-376 

Iiumiinity  acquired  by  natural  means, 
433-4-53  ;  acquired  ufter  rerorery  from 
infective  diseases,  433-444  ;  acquired  by 
heredity,  445-453;  conferred  by  maternal 
blood,  447;  by  the  yolk,  449;  by  the  milk 
of  the  mother,  449 

Immunity, acquired:  amongst Invertcbrata, 
20'l-2l'o  ;  amongst  Vertebrata,  210-249  ; 
relation  of  I'feilTer's  phenomenon  to, 
224  ;  Bouchard's  theory  of,  232,  286  ; 
doable  action  of  cytases  and  fixatives 
in.  250-255,  2'J6,  554  ;  aiiglntinative  sub- 
stances in, 242, 245, 256-265, 295. 542, 559  ; 
protective  properties  of  body  Ûu  ids  in,  266- 
280;  phagocytosis  in,  220,'  223-225,  245, 
280-286,  295  ;  origin  of  fixative  properties 
in  body  fluids  in,  294  ;  relation  between 
Qxatives  and  phagocytosis  in,  291,  295  ; 
humoral  phenomena  in,  164,  250,  290, 
525-031,  542,  543;  bactericidal  power  of 
fluids  in,  250  ;  Orutx^r'a  theory  of,  2S6, 
262  ;  Bii'ainst  micru-organisms,  sneeepti- 
bility    to    the   specific    toxin    in,    289  ; 


principal  phenomena  atsocinted  with, 
295-296  ;  against  mioro-organisms  in  no 
ratio  to  protective  power  of  Mood,  372- 
374  ;  by  suokliog,  mouse  the  only  animal 
in  which,  450,  452  ;  theory  of  exhaustion 
of  nutrient  medium  as  cause  of,  510- 
512;  theory  of  presence  of  inhibitory 
substance,  511,  512;  theory  of  local  in- 
flammatory reaction,  512  ;  theory  of 
adaptation  of  cells  in,  513  ;  theory  of 
phagocytes  in,  514-525,  639-543  ;  theory 
of  bactericidal  power  of  body  fluids,  625- 
531,  542,  543  ;  theory  of  antitoxic  power 
of  body  fluids,  531  ;  theory  of  extra- 
cellular destruction  of  micro-orcanisms 
by  leucocytic  secretions,  187-191,  633- 
537,  542;  theory  of  side-chains,  120, 
881-384,  638,  557,  562-563;  present 
phase  of  the  question  of,  540-543 

Immunproteidin  of  Emmerich  and  L5w, 
254 

Infection,  agents,  mechanical  and  other, 
that  prevent  or  aid,  3-5,  170-173,  426 
(êee  also  Diseases,  Elimination,  Micro- 
organisms) 

Inflammation  in  immnnity,  176,  612; 
Cohnheim  on,  518;  and  phagooytoais, 
616,  619-520,  547,  568 

Inflnenza  bacillus,  cultivation  of,  in  body 
fluids,  130,  554  ;  vaccination  against,  277 

Infusoria.     See  aUo  Trypanotoma 

Infusoria,  12-20,  23,  26,  326 

Inoculation.  See  Immunisation,  Yaooina- 
tion 

Insects,  natural  immunity  in,  132,  836, 
329;  acquired  immunity  in,  209;  pro- 
tective lining  of  digestive  canal  of,  421 

InsnsceptibiUty  of  cells  of  refractory  ani- 
mals, 341 

Integument  of  Invertebrato,  protective 
function  of,  404  • 

Intermediary  body,  88.  91,  296,  557 

Intestine,  protective  function  of  the,  432; 
microbian  flora  of,  420  ;  antitoxic  action 
of  this  flora,  437 

Intestinal  ferments,  absence  of  microbi- 
cidal power  from,  424,  567  ;  intestinal 
micro-organisms,  favouring  and  retarding 
functions  of,  426  ;  destruction  of  toxins 
by,  427 

Invertebrata,  natnral  immnnity  in  the,  40, 
131-135,  826-329;  acquired  immunity 
in  the,  209-210,  301  ;  immnnisation  of, 
by  spécifie  serums,  301  ;  protective  func- 
tion of  integunii'Ut  of,  404 

Iodine  trichloride  in  immunisation,  .)47 

Iron,  absorption  of,   by  leucocytes,  399 

Irritability,  part  played  by,  18,  27  («M 
alto  Susceptibility);  in  plants,  86 

Isaria,  resistance  to  infection  by,  329 

Koch's  phenomenon  in  taberoulosis,  437 
Kupffer'a  cells,  76 
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Leproaj,  etiological  factors  in,  4 

Leprosy  bacillus,  76,  411 

Leucocidin,  and  its  neutralisation,  859 

Leucocytes.     See  alto  Phagocytes 

Leucocytes  (amoeboid  cells)  in  resorption, 
47,  73,  17S,  514,  515  ;  adaptation  of,  to 
Tiraient  bacteria,  an  education,  281  ; 
various  categories  of,  74-79  ;  tsoluble  fer- 
ments of,  95;  chemiotaxis  of,  119,  177  ; 
theory  of  bscterioidsl  secrt- tions  by,  187- 
191,  53a-637,  689,  540,  542;  action  of 
leucocidin  on,  859  ;  absorption  of  poisons 
by,  393-400  ;  situations  where  there  are 
no  preexisting,  Sol 

Lily  of  the  valley,  acquired  immunity  in, 
613,  615 

Liver,  serum  against  oytotozin  acting  on, 
116  ;  protectiro  function  of  the,  427  ; 
of  MoUuBoa  an  organ  of  second  diges- 
tion, 69 

Lizard,  resistance  of,  to  tetanns  toxin, 
833 

Lugol's  solution  in  immunisation,  347 

Lupus,  slow  growth  of,  406 

Lymphocytes.  See  alto  Leucocytes,  Phago- 
cytes 

Lymphocytes,  76,  78 

Lymphoid  organs.  Ste  alto  Baemato- 
poietio  organs,  Phagocytic  orKfiaii 

Lymphoid  organs,  protective  function  of 
the,  428  ;  as  aoorce  of  seusibilisiug  sub- 
stance (fixative),  637 

Lymphomaciophages,  76 

Macroovtase  (alexin,  complement),  66,  98, 
105,  '  112,  196,  549:  analogy  of,  with 
actinodiastase,  66  ;  escape  of,  during  pha> 
goiysis,  95,  99,  102,  552  ;  presence  of,  in 
apermotoxin,  101  ;  orifnn  of,  103  ;  active 
for  resorption  of  animal  celle,  IOC,  197, 
296  ;  in  extracellular  solution  of  red 
corpusolea,  562 

Macrophages,  76,  77,  79,  547;  the  part 
the^  play  in  resorption,  80-lOU,  176  ; 
staming  reactions  of,  77;  in  phagocytoBis, 
144,  148,  154,  157,  161,  162.  164,  173, 
184,  228,  245,  321,  548;  act  more  eKp«oi- 
ally  in  resorption  of  animal  cells,  176, 
196,  548  ;  but  intervene  specially  against 
human  tubercle  bacillus  iu  pigeon,  148; 
against  spirilla,  162, 177,  228;  and  against 
streptococci,  245  ;  not  source  of  bacteri- 
cidal substance  in  body  fluids,  187;  part 
played  by,  in  arHcnic  poisoning,  397  ;  the 
principal  Eource  of  antitoxin,  401;  of 
skin,  reaction  of,  against  micro-otgan- 
isms,  407 

Macrophagio  organs,  digestive  property  of, 
65,  160 

Malaria,  immunity  against,  129,  278  ;  pro- 
tective action  of  serum  in,  278;  im- 
munity acquired  after,  434 

Manures,  inttnence  on  plant  disease*,  36 


Mnrmot,  immunity  of  hibernating,  aigaiDst 

tetanus,  339 
Martin's  broth  (bouillon  de  pause),  473 
Massowah      vibrio,     acquired      immunity 

against,   321;    action  of    specific   serum 

on,  305 
Hastzellen,  77 
Membranes,    proteotive    seeretion    of,    bj 

bacteria.  21,  242 
Merionei  thawii,  22,  183 
Mesenteric  glands,  62,  85,  98.  195 
Mesoderm,  function  of  amoeboid  cells  ol^ 

518 
MicrobicidaL     See  Bactericidal 
Microrocait  prodigiotui,  42,  45;  ani««oo> 

istic  to  anthrax  bacillus,  323  ;  action  of  | 

vaginal  mucus  on,  430 
Microcytssc  digests  bacteria,  196,  197,  296, 

650  ;  in  immunity,  216  ;  escape  of,  during 

phngolysis,    218,    222.    230,    295,    554; 

transforms  vibrios  into   grannies,   653  ; 

action  of,  on  Vibrio  metcitnikovi,  553 
Micro-organisms,    minuteness    of    certain 

patiiogenio,  8  ;   variabUity  in  action  of, 

6  ;  staining  reactions  of,  13,  83,  181, 
183,  198,  213  ;  immunity  by  attenoated, 
2,  609;  pathogenic,  in  healthy  peraonsy 

7  ;  adaptation  of,  to  toxic  snbstanoea, 
21,  25  ;  protective  secretion  of  mem- 
branes by,  21,  242;  defence  in  plants 
against,  36  ;  defences  of  animals  against. 
645  ;  elimination  of,  from  the  body,  43, 
46  Uee  aUo  Elimination)  ;  resorption 
of,  46,  176,  546;  antidiastase  against 
enzymes  of,  109  ;  natural  immimit^ 
against  pathogenic,  128-174,  17S-206; 
acquired  immunity  against  pathogenio, 
207-249,  25()-299,  300-324;  aaaerobio. 
immunity  against,  169,  170  ;  pathogenio 
animal,  2,  173,  247-249,  377-279,  316; 
destruction  of,  an  act  of  resorption, 
175,  206  {tee  Bacteriolysis)  ;  presence  of, 
in  white  corpuscles,  614  ;  adaptation  of 
phagocytes  to  destroy,  558,  566  ;  mode 
of  entry  into  phagocytes,  177  ;  digexled 
by  phagocytes,  181,  514-625,  536,  639- 
643  (tee  Phagocytes,  Phagocytosis)  ;  trans- 
formation into  spherical  granules,  193 
{tee  alto  Pfeiffer's  phenomenon)  ;  exlni- 
eellular  destruction  of,  165,  212,  583- 
637,  642;  modified  growth  in  serums  from 
immunised  animals,  256,  269  {tee  aUo 
Agglutination)  ;  specific  diagnosis  of,  by 
modified  growth,  256,  259  ;  B|;;glutination 
does  not  prevent  growth  of,  262  ;  changes 
-which  tbey  undergo  in  immunised  animal, 
289;  attenuation  of,  208,  286-289,  508; 
adjuvant  and  retarding  functions  of» 
170,  426  ;  antagonism  between  anthrax 
and  certain,  323;  antagonism  betwet-n 
eholera  vibrio  and  certain,  324  ;  aeido- 
phUe,  418;  exfoliation  of  epidermis  to 
get  rid  of,  406;  localisation  and  arrest 
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of,  in  the  dermis,  406;  deatrnotion  of 
toxins  bv,  427 

MiLTopbageii.  77,  78,  79,  148,  152,  154, 
162.  164,  172,  165,  24S,  548;  intervene 
gpecialljr  agaiost  mioro-organitms  and 
in  acute  infections,  177,  196,  206,  549; 
soaroe  of  baotericidal  «ubatance  in  body 
fluids,  187,  195  ;  granular  transforma- 
tion of  vibrios  inside,  104,  165,  224  (««« 
aUo  Pfeifler's  phenomenon) 

Microtphatra,  18 

Milk,  absorption  of,  107  ;  precipitins  in  the 
differentiation  of  various  kinds  of,  107, 568  ; 
of  itntnuniwd  animals,  antitoxin  in,  'A5Ù  ; 
immunity  conferred  by  mother's,  449, 
450.  46^  ;  transiuission  of  agglutinative 
power  by,  450 

Milk-Bogar,  adaptation  of  yeasts  to,  26 

Mithridates,  method  of  protecting  himself 
against  poisons,  343 

MoUoKca.  Sft  aUo  Uelix,  Phyllirhoë,  Theiyi 

Mollusca,  natural  immunity  in,  134  ;  liver 
of,  an  organ  of  second  digestion,  59 

Mongoose,  immunity  of,  against  snalce 
venom,  339 

Monkeys,  immnnised,  with  poor  yield  in 
ontiiozio,  373  ;  immunisation  of,  against 
diphtheria  toiin,  373  ;  transient  aoqnired 
immunity  against  reoorrent  fever,  484 

Monoipora,  parasite  of  Daphnia  disease, 
181,  404,  520 

Morphia,  adaptation  to,  343 

Mouse,  infection  of,  by  swine  erysipelas, 
270,  807.  476;  the  only  animal  thnt 
acquires  immunity  by  suckling,  490, 463  ; 
acquired  immunity  of,  against  typhoid, 
230  ;  natural  immunity  of,  against  diph- 
theria toxin,  204,  339 

Mouse  septicaemia,  immunity  of  frog 
against,  141;  phagocytosis  in,  283;  ac- 
quired immunity  of  rabbit  against,  509 

Month.     See  Buccal  cavity 

Mucous  membranes,  immunity  of  the,  407- 
432  ;  elimination  of  mioro-organism!> 
by  the  nasal,  410;  protective  function  of 
the  genital,  429 

Myoo8«s,  pulmoQury,  413  (ue  alto  Asper- 
gillosis} 

MygaU,    See  Spiders 

Myriapods.     See  Seolopendn 

Myxomycètes,  Plasmodia  of,  80,  645 

Naegeli'a  theory  of  immunity,  512 
Nagana  diseoae,  3,  4,  347, 310  (lee  Trypano- 

lomal 
Narcosis.     See  Opium 
Maaal  mneons   membrane,   elimination   of 

organisms  by,  410 
Kepenthea,  digestive  juice  of,  855 
Nerve  centres,  susceptibility  of, to  toxins,  664 
Nenroi;lia  cells,  their  phagocytic  function,  76 
Neurotoxin,  116 
Neutral  red,  reaction  of,  13,  88,  161 


Nualein   as  a  protective    aubstanoe,   830  ; 

vocciual  against  plague,  490 
Nnoleohiston,    preventive     action     of,    on 

diphtheria  toxin,  365 
Nutrition,  certain  diseases  of,  probably  due 

to  a  parasite,  8  ;  extrabuccal,  67,  69 

Oïdium  aWkam,  growth  of,  in  aemm  of 
immunised  animals,  257 

Omentum,  glands  of,  85  ;  bactericidal 
power  of  extracts  of,  193  ;  phagocytosis 
of  vibrios  in,  234 

Opium,  its  action  on  leucocytes,  325,  231, 
236,  306,  307;  its  influence  ou  immu- 
nisation by  speciâo  serums,  306  ;  resist- 
ance of  hedgehog  to,  837 

Orycie*  nasieomit.    Set  lihinoceros  beetle 

Osmotic  pres.<iure,  adaptation  of  planta  to, 
87,  89,  566  ;  as  cause  of  bactericidal 
action  of  body  fluids,  193,  213 

Ovum  in  the  Graafian  follicle,  immunity 
acquired  by  the,  448 

Oxalic  acid,  function  of,  in  plants,  87,  566 

Oxydases,  96 

Pancreatic  diKOStion,  60,  63,  65 

Pancreatic  juice,  antitoxic  power  of,  434 

Pancreatic  secretion,  its  adaptation  to  kind 
of  food,  64,  65 

Paralysis,  general  progressive,  and  syphilis, 
435 

Paramaeeia,  18,  16,  17,  19 

Parasites  in  infective  diseases,  2,  9  (ue 
aUo  Micro-organisms) 

Pasteur's  theory  of  exbanstion  of  nutrient 
medium,  510-612  ;  anthrax  vaccines,  208, 
470;  modification  of  Willems'  method 
against  pleuropneumonia,  477  ;  vaccines 
against  rabies,  462,  463-464  ;  and  Thail- 
lier's  vaccines  against  Bwine  erysipelas, 
208,  473,  609 

P^sin  in  the  urine,  65,  97  ;  in  the  blood, 
06,  663;  antitoxic  function  of,  419;  anti- 
septic action  of,  417  ;  chemical  composition 
of,  109 

Paseimiam  and  fear  of  disease,  1,  5C9 

Feyer's  patches,  61  ;  protective  function  of, 
428 

Peiita.     See  SclerotMa 

Ptaundler's  reaction,  359 

Pfeifler's  phenomenon  in  cholera  vibrio, 
165,  192,  212-226,  251,  267.  268,  290, 
801-307,  534-536;  in  spirillnm  of  re- 
carrent  fever,  239  ;  iu  typhoid  bacillus, 
230,  303,  304;  in  Baeillui  pj/oeya.Heuâ, 
384,  807  ;  different  in  immunised  and  in 
normal  fluids,  251;  conditions  for  ita 
manifesution,  253,  253,  295,  634 

Pfeifler's  theory  of  immunity.  634 

Phagocytes  ($**  aUo  Leucocytes),  amoeboid 
cells  with  digestive  function,  47,  182, 
547  ;  iu  Spongea,  69  ;  in  Vertebrata,  73  : 
vatioos  categories  of,  74-79;  of  Bipiit- 
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uttrid  and  PhuUirhof,  70;  chemiotaxiB  of, 
79. 108,  133,  167,  177,  280  ;  the  eooroe  of 
the  buemolytic  ferment,  100  ;  of  osseous 
fishes.  IS.')  ;  of  frog,  137  ;  ingest  living 
and  viraient  bactârÎA,  142,  177,  179-181, 
6&8,  SCfi  ;  function  of,  151,  157,  177,  181, 
206,647,648,586;  modeof  entry  of  miero- 
organisms  into,  177  ;  acid  reaction  inside, 
83,  182;  action  of  opium  on,  225,  231; 
theory  of,  and  side-chain  theory  oom- 
pared,  296-2(K),  538;  in  defence  of  animal 
against  poi&ionii,  893-400  ;  in  production 
of  antitoxin,  400-402  ;  in  the  defence  of 
the  skin,  407  ;  attempts  to  reoonoile 
theory  of,  with  humoral  theory,  539; 
hivtory  of  theory  of,  514-fia5,  539-543; 
fitimnlant  action  of,  533 

Phagocytic  criais  of  Bordet,  314  ;  ferments, 
649-658  ;  function  of  neuroglia  cells,  75  ; 
organs,  85,  150,  292,  293,  537  ;  of  cricket, 
183;  ot  Aiearis,  547 

Phagocytosis  in  osseoas  fishes,  135  ;  in 
frogs.  137,  142;  in  fowl,  144,  282;  in 
dog,  149, 151  ;  iu  rat,  154,  167  ;  in  guinea- 
pig,  162,  163,  166,  170,  223  ;  in  horac, 
245,  313  ;  in  rabbit,  159,  167,  169,  333, 
289,  314  ;  effect  of  removal  of  spleen  on, 
160;  anient»  that  prevent,  170-173  (tee 
aUo  Opium)  ;  neutralisation  of  toxins  not 
necessary  for,  205,  289;  and  agglutina- 
tion, 202,  242,  245;  ensures  natural 
immunity,  206  ;  action  of  opium  on,  226, 
231,  234j,  306,  307;  action  of  rabbit's 
serum  on,  231  ;  in  acquired  immunity, 
220,  223-22G,  245,  280-286,  295.  813; 
relation  to  fixatives  in  acquired  immu- 
nity, 291,  296  ;  in  the  immunity  con- 
ferred by  specific  serums,  303-317  ; 
history  of,  and  of  the  theory  of  phago- 
cytes, 614-52.5,  689-543;  its  apphcation 
in  surgery,  568 

Phagotysis,  80.  99.  165  ;  prevention  of,  99, 
918,  219.  220,  230,  252.  304  ;  its  relation 
to  extracellular  destruction  of  bacteria 
and  Pfeiiler's  phenomenon.  218-220.  380, 
280,  295,  534  ;  escape  of  oytases  daring, 
95,  99.  102.  lui.  197,  252,  651-564,  560 

Philocytase,  91,  92 

Phloridzin,  its  action  on  natural  immunity, 
150 

Phyllirhaë,  two  modes  of  digestion  in«  68  ; 
resorption  by  phagocytes  of,  70 

Pig.     Ste  alto  Swine 

Pig,  protection  of,  against  tetanus,  493 

Pigeon,  immanity  of.  against  anthrax,  146  ; 
immunity  of,  against  human  tuberculosis, 
147  ;  immanity  of,  against  influenza 
bncillus,  130.  -554  ;  its  blood  best  culture 
medium  for  infinenza  bacillus.  130,  664; 
susceptible  to  swine  erysipelas,  476;  pro- 
tective power  of  serum  of,  immaniaed 
against  anthrax.  276.  277,  288;  voooi- 
nation  of,  against  anthrax,  376,  277 


Piloesrpin  augmenta  prodnction  of  antt 
toxin,  380 

Piropltuma  Ingeminum,  247,  279 

Plague,   bubonic,   rapid    immunisation 
serum,  813  ;  protective  influence  of  broti 
against.   321  ;    production   of    antitoxk 
serum   by,   401  ;    infection   by,  throu^l 
the  na!<a]  cavity,  409,  411  ;  vkuoinations  ' 
against,   486-492  ;   serum  treatment   in. 
490-492;    immunity  against,   when   ac- 
quired and  duration.  488,  é'^é  ;  statistic» 
on   vaccinations  against.  iSS;    prophy^ 
lactic  treatment  against,  491  ;  Reports  of 
Gt!rman  and  English  Commissions  on,  48'J 

Planarians,  digestion  in,  49,  71,  82 

Plants,  immunity  in  multicellular.  29-39: 
cicatrisation  of.  34;  and  osmotic  pre»- 
sure,  37,  39,  566;  ravages  ol  Sderotinia 
amongst  cultivated,  32;  action  of  ma- 
nures on  immunity  of  cultivated,  86; 
function  of  oxalic  acid  in.  37,  666 

Plasma,  Oengon's  method  of  preparing, 
157,  190 

Plasmas.     See  also  Body  fluids,  Serams 

Plasmas,  presence  of  fixative*  is,  109  ; 
bactericidal  power  of,  190,  S43 

Plasmaee  (fibrin  ferment),  96,  197.  550 

Plasmodia,    iutra<}cllular   digestion   in,   30, 
545;  ehemiotaxis  of,  30;  adaptation  of,, 
to  poisons,  30 

rieuropneumonia,  bacterium  of,  3, 130,  47a. 
669;  vaccinations  against,  477-479;  aetionl 
of  serum  from  animal»  immunised  against,  i 
479;    vaccinal  methods  uaed  by  Bavage 
races  against,  606 

Pneumococcus,    modified    gtotrth    of,     in, 
serums  fromimmunised  animals.  366, 969  ;| 
vaccination  against,  262;  attenuated  by 
serums  from  vaccinated  animais,   287; 
agglutination  of,  287 

Pneumo-enteritis    of  swine,  ooooo-baeillog 
of,   259;    action  of  serum  of  VMcin 
rabbits  on  bacillus  of,  260,  266,  267,  689;1 
aoquired  immunity  against,  260,  276,  81J, 
683 

Pneumonia,  fibrinous,  relapses  sepanled 
by  periods  of  immunity,  434 

Poisons.     See  aho  Toxins 

Poisons,  absorption  of,  by  leaoociytea,  898- 
400 

Polyphagut  eugUnne,  18 

Potato  attacked  by  Bacitlu»  coli,  35 

Precipitins  in  the  blood  serum,  68, 106, 107  ;  ' 
nse   ot,  in  medico-legal  investigations, 
107,  668;    and  in  the  differentiation  of 
various  kinds  of  milk,  107,  668 

Predisposition  or  absence  of  immunity,  7 

Preventive  substances  of  Bordet  (syn.  fixa- 
tives), 266 

Profctta,  law  of,  453 

Protective  or  anti-infective  properly.  See 
aUu  Antitoxic,  Antitoxins,  lilood.  Body 
fluids,  Serums 
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Protective  property,  origin  of,  in  •erumt 
and  other  fluidx,  2<,)1-'^U4;  diflcn  trom 
agglutinât ive,  'iG-i,  2tj'J,  2*J4;  of  blood  and 
otiier  âuiila  in  convalescents,  437^44 

Protective  action  of  normal  seruma,  317- 
itHO;  of  fats  against  toxius,  3tt7;  of  lea- 
cocyte»  against  poisons,  393-400;  of  flow 
of  a  fluid,  431 

Protective  function  of  the  skin,  404-407  ;  iu 
the  reapimtory  channels,  411— il4  ;  of  the 
cornea,  409;  of  the  saliva,  415;  of  the 
iutettine,  422  ;  of  the  bile,  424  ;  of  the 
liver,  427;  of  the  lymphoid  orgoog,  428; 
of  the  suprarenal  capsules,  431  ;  in  the 
urinary  orKans,  431 

Protective  Bubslance  re«igtant  to  heat,  268; 

-And  su  distinguished  from  baeCtiricidal 
ibstaace,  368;  closely  connected  with 
xative  substance,  369,  294,  295,  561 

Protective  vacoinatious,  454—504 

Trotetuvulgarii,  Busc«ptibility  of  leuooeytes 
to,  1U6, 179,  201,  282;  eosinophile  trans- 
formation in,  198;  modified  growth  in 
certain  serums,  259 

Protozoa,  ititracellular  digestion  in  the,  13, 
30,  49;  adaptation  of,  to  saline  solutions, 
23,  515;  and  to  physical  conditions,  26 

Prussic  acid,  antidote  to,  3ti3 

Faeodo-diphtheria  bacilli,  444 

Pseudo-eoMinophile  leucocytes,  secretion  by, 
187,  542 

Pseudo-immnnity  or  resistanoe,  320 

Pui,  ferment  in,  9(3 

Pyrogallic  acid,  its  action  on  natural  im- 
munity, 1Ô0 

Babbit,  immunity  of,  against  anthrax 
baciUas,  159;  against  streptococui,  1()7. 
168;  against  tetanus  bacilluti,  169 ;  against 
cholera  vibrio,  424;  against  pleuropneu- 
monia, 569  ;  acquired  immunity  of, 
against  pyocyanic  disease,  'J32;  against 
swine  erysipelas,  23()-'J39,  527;  against 
anthrax,  239.  323;  against  streptococcus, 
243-247,  ■2W4-286,  312,  314;  against 
pneumo-enteritis,  200,  2U6,  275,  311, 
532;  against  pneumoooccus,  2()3;  againiit 
m  staphylococcus,  20(1;  against  hog  cho- 
lera, 290;  against  moose  septicaemia, 
509;  pbagoeytosis  in,  159,  167.  169,  233, 
339, 314, 5(i9;  infection  by  itieptococoi  in, 
383;  action  of  serum  of  vaccinated,  on 
bacilloB  of  pnoumo-i-nt«ritin,  287;  action 
of  agglutinated  pneumococci  on,  267; 
vaccinated  agaiust  hog  cholera  susceptible 
to  its  toxin,  290;  immunised  against  an- 
thrax by  means  of  the  erysipelas  cocoas, 
323;  iDimuni»ed  against  anthrax  by  pro - 
dnots  of  liafillut  pyacyanetu,  823;  in- 
fection by  anthrax  prevented  by  Fried- 
lltnder's  bacillus,  323;  braiu  of,  very  sus- 
ceptible tu  action  of  telunuit  toxin,  383; 
reaolion  of,  to  atiopiu,  395 


Babies,  action  of  anthrax  bacillns  on,  ISO; 
action  of  normal  ox  serum  on,  365;  action 
of  bile  on,  425;  heredity  of  immunity 
against,  446;  vaccinations  against,  461- 
466;  statistics  of  vaccinations  against, 
464-466;  in  domestic  animals,  vaccina- 
tions against,  466 

Rat,  immunity  of,  againitt  anthrax  bacillus, 
152,  526;  against  diphtheria  bacillus, 
'204  ;  acquired  immunity  against  'lYijpano- 
lomatii,  247-24*.),  316;  agiiiii.<t  anthrax, 
241);  natural  immunity  of,  against  diph- 
theria toxin,  204,  339;  bactericidal  fer- 
ment of  phagocytes  of,  20,  157;  phago- 
cytosia  in,  154,  157 

Beceptors,  93,  120,  296;  over-production  of, 
131,  296,  662;  antitoxic  and  philotoxio 
functions  of,  120;  theory  of,  »«  Side- 
chain  theory 

Becnrrent  fever.  See  Spirilla,  Spiroehaete 
obermeyeri 

Beourrent  fever,  transient  ac<iuired  im- 
mnnitv  a^'ainst,  434 

BeDnet,'l09,  119 

Ueptilia.  See  Alligator,  Turtle,  Snake, 
Lizard 

Beptilia,  natural  immunity  of,  against  te- 
tanus toxin,  331-334 

Beiistance  to  diseuse,  8-10.  See  Immnnity, 
Pseudo-imiau  n  ity 

Besorptiou  of  micro-organisms,  46,  175  {tie 
<i/<oImmnnity,cellular,Micro-organism8); 
of  the  formed  éléments,  47, 67-105;  a  true 
intracellular  di>;(.'Htion.  85,  296;  of  cella 
in  the  lnvert«brata,  70  ;  or  red  oorpuselea 
by  phagocytes  of  the  Vortebrata,  73,  80 
(fee  alto  Phagocytes,  Phagocytosin);  part 
played  by  macrophages  in  {tee  Macro- 
phages) ;  and  digestion  closely  related, 
69,  85;  of  spermatoroa,  84,  100;  of 
white  corpuscles,  84  [lee  aUo  Leucocytes, 
Phagocytes);  of  albuminoid  substanoes, 
106-127  ;  of  cells  and  the  phenomena  in 
acquired  immunity,  296 

Respiratory  channels,  protection  by  the, 
411-114;  absorption  of  poisons  by  the, 
414 

Rhinoceros  beetle,  natural  immunity  in 
larvae  of,  132,  209,  326,  32»;  suscepti- 
bility to  cholera  vibrio,  40,  133 

Bicin,  344,  360,  446,  449 

Rinderpest,  action  of  bile  on,  426,  4M; 
▼aecinationa  against,  466-468;  Koch 'is 
method  of  vaccination  a^iusl,  466  ; 
KoUe  and  Turner's  method  of  "simbl- 
taneouB  vaccinations"  against,  467 

Bing-worm,  mechanical  factor  iu,  4 

Robin  (toxalbumin  of  Jiobinia  p'eiidafaeia), 
B65;  aerum  of  anitnala  vaccinated  against, 
antitoxic,  365;  heredity  of  immunity 
against,  446 

Sacetuiromyeet.     See  Yeaita 
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Saline  solation  (plivtiiological)  as  a  proteo- 

tive  fluid,  320,  3G5 
Saliva,  microbicidal  property  of  the,  413; 

autitoiic   function  of,  on  snake  venom, 

417  ;  psychic  inâuencv  on  flow  of,  63,  506 
Saponin,  hsemolvtic  action  of,  389  ;    and 

cholesterin,  3i$9;  and  autisaponio  power, 

390 
SaproUgitia.     See  Fungi 
Sarcinae  as  adjuvant  organisms,  426 
Siirciuae,  ucidopbilo,  418 
Sclerotinia,  paihogcnio  action  of,  33 
Seolopendra,  ooqmred  immunity  in,  against 

anthrax,  2(>9 
Scorpion,    nntural    immunity   of,    against 

tetanus    toxin,    326;     against    its    own 

poison,  327;    antivenomous   property  of 

blood  of,  S2d;   supposed  suicide  of,  327 
Scorpion   serum,  action   of    autivenomoua 

serum  on,  365 
Scorpion  venom,  antitoxic  action  of  oray* 

fish  blood  against,  366 
Scrofula  in  immunity  against  tuberculosis, 

436 
Secretion  of  bactericidal  substance,  theory 

of,  187-191.  633-537,  540,  643 
Senaibilising  substance  of  Bordet  (fixative), 

91,  199,  298,  535,  537,  657 
Seaiitiveneea   of  plants   to   osmotic  pres- 
sure, 37,  506 
Septicaemia  of  goose.      See  Spirochaete  «n- 

terirta 

Septicaemia  of  mouse.  See  Moose  septi- 
oaemia 

Septic  vibrio,  170 

Serum».  See  alto  Blood,  Body  fluids, 
Hnmoral  theory.  Toxins 

Senms,  haemolysis  by,  83,  87-95  (tet  alio 
Haemolysis);  effect  of  injections  of,  68; 
increasing  haemolytio  power  of,  90;  iso- 
toxic,  104;  absorption  of,  lOG  ;  nntihae- 
motoxic.  111,  112;  haemolytic  or  Iiul>- 
motoxio.  111,  112;  anticoagulating,  190; 
anticytase,  116,  371;  antispermotosio, 
116,  122-126;  bactericidal  properties  of, 
184,  190,  191, 192, 193,  206, 211, 226.  2H3, 
238, 241,  243. 2-14, 2B0,  298,  554  ;  influence 
of  alkalinity  or  acidity  on  bactericidal 
action  of,  196;  agglutination  of  red  blood 
corpuscles  by,  258;  agglutination  of  bao- 
teria  by.  25C-265,  380;  protective  power 
of,  in  Uie  immunised  organism,  266-^80, 
387,293,295,  532:  differs  from  bacteri- 
cidal power,  268  ;  and  from  agglutinative 
power,  268;  and  is  not  a  meaiure  of 
acquired  immunity,  371,  274,  275;  pro- 
tective, may  be  only  feebly  antitoxic, 
497;  modified  growth  of  bacteria  in  im- 
munised, 256,  369  [lee  alto  Agglutina- 
tion); resistance  to  heat  of  protective 
snbstance  of,  2G6;  fixatives  in  protective, 
269,  438;  their  origin,  294;  protective 
and  fixative  subatauces  contrasted,  269; 


relations  of  fixative  and  cytase  in  bac- 
tericidal action  of,  298;  stimulating acUon 
of,  270-274,  301,  308-^20,  365;  absence 
of  proteotivo  power  in  specific,  270.  27fi— 
279;  origin  of  protective  power  in,  '3fi\- 
294;  theory  of  attenuation  of  mi«ro- 
organiams  by  immune,  286-389  ;  inactive 
specific,  rendered  active  by  addition  of 
normal  serum,  215,  268,  298,  302.  317; 
protective  action  of  heated  normal  serunt, 
273.  318;  protective  action  of  non-spa- 
cifio,  against  toxins,  365;  from  con- 
valescents, protective  action  of,  437-444; 
temporary  immunity  against  microor- 
ganisms  conferred  by  speci6c,  301-317; 
conferred  by  normal,  317-320;  conferred 
by  fluids  other  than.  820-323  ;  phagocy- 
tosis in  the  immunity  conferred  by  ape» 
cific,  303-306;  influence  of  opium  on 
immunisation  by  specific,  306;  antive- 
nomous action  of,  334, 338,  358,  3G0. 361  : 
antitoxic  action  of  non-specific  and  nor- 
mal, 365,  380;  aiiti-arsf r,i<!,  .390;  antl- 
leucocidic,  359;  antidia!>tatic.  361  ;  teetin^ 
and  standardisation  of  antitoxic.  370, 
476,  496-498 

Sheath,  protective.    See  Membrane 

bbecp,  natural  immunity  of,  against  an- 
thrax, 159,  289  ;  acquired  immunity  of, 
against  anthrax,  241-3,  289;  bactericidal 
action  of  blood  scrum  of,  241.  386;  pro- 
tective power  of  serum  of,  immunised 
against  anthrax,  276;  immunised  with 
blood  from  dog  afleoted  by  a  ha«matuBOon, 
279;  vaccination  of,  against  abeep-pos. 
460;  against  rabies,  46C;  against  aittbrmx. 
469  ;  protection  against  tetanus  in,  193; 
fate  of  anthrax  bacilli  in  Algerian,  513 

Sheep-poz  (la  claveléc),  heredity  of  immunity 
against,  452;  vaccinations  against,  460- 
461 

Side-chains  or  receptors,  theory  of,  120. 
381-384,  538,  657,  562-d63;  oompared 
with  theory  of  phagocytes,  296-299,  SSA. 
658 

Silver,  soluble  salts  of,  absorbed  by  ku- 
oocyte<<,  4(10 

Skin,  inimuuity  of  the,  403-407;  protective 
function  of  the,  404-407  ;  phagocytes  in 
the  defence  of  the,  407 

Small-pox,  mortality  from,  in  16th  century, 
454;  vaccinations  against,  454—160;  vao- 
cinstion  with  calf  lymph,  456;  with  con- 
tents of  pustule  of  cow-pox,  455;  vac- 
cination statistics,  457—459 

Snail.     See  Helix  pitnmtia 

Snake,  uatnral  immunity  of,  against  «oake 
venom,  833 

Snake  venom,  natural  immunity  of  anaketi 
against,  333;  of  hedgehog  against,  337; 
of  mongoose  against,  339;  artiiicial  im- 
munity against,  345,  347;  action  of  anti- 
venomous  serum  on,  358,  360,  361;  of 
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other  specific  semmB  on,  365;  of  cerebral 
subetaDC«  oa,  380;  protective  substances 
against,  387;  action  of  saliva  on,  417; 
action  of  bile  od,  429  ;  vaccination  methods 
of  savage  races  against,  606 

SpermatoEoa,  resorption  of,  84,  100;  action 
of  spermotoxin  on,  101,  116,  125 

Spermotoxin,  101,  116,  125 

Spiilers,  natural  inunanity  of,  against 
tetanus  toxin,  326 

Spirilla,  natural  immunity  against,  159; 
acquired  immnnit^  against,  227-2.V),  434  ; 
living  in  stomaob  of  dog,  177;  aoidopliUe, 
418 

Spirochaete  anttrinn,  160 

Spirochaete  obcrmeyeri,  160;  acquired  im- 
munity againiit,  237-330;  PfeiSer's  phe- 
nomenon in,  22d 

Spleen,  function  of,  62,  85;  action  of 
extract  of,  on  tetanus  toxin,  305;  effect 
of  removal  of,  150,  293  ;  oa  source  of 
fixative  substance,  296,  637 

Spleen  and  other  haematopoietic  organs  as 
source  of  protective  substance,  21>2-294; 
OS  sonrce  of  agglutinins,  264;  are  phago- 
oytio  organs,  85,  150,  292 

Sponges,  digestion  of,  69,  S17 

Btainiug  reactions  of  cells  and  mioro-or* 
ganisms,  13,  77,  83,  181,  183,  19d,  213 

Staudardisatinn  of  antidipbtheria  aerams, 
376,  496-498;  Ehrlich's  mtthod,  496; 
Pasteur  iDdtltute  method,  496-497 

Staphylococcus,  acquired  immunity  against, 
366,  532;  protective  action  of  normal 
aerani  against,  319 

Sttiphyloe.iiccu»  punpenee  in  vagina,  430 

Stellate  cells  of  KupfTer,  75 

Btimnlant  action.  See  aUo  Body  fluids, 
Protective 

Stimulant  action  of  serums,  270-274,  801, 
308-320,  3U5;  of  phagocytes,  632;  of 
normal  fluids  of  the  body,  669 

StimalioB  and  their  action  in  Bemnu,  370- 
274 

Stfihr's  phenomenon,  429 

Stomach,  aeidophile  mierobian  flora  of, 
418 

Streptotioeei,  protective  sheath  formed  by, 
22;  immanity  aRainst,  165.  179,  282, 
384-286;  phagocytosis  in  immunity 
against,  245,  313;  acquired  immtmity 
against,  243-247,  313;  agglutination  by 
serum  of,  244,  246;  reaction  of  animal 
organism  against,  245-247;  antitoxin 
against,  205;  and  phagocytosis,  283; 
Faction  of  Hpeciflo  semms  on,  287,  288, 
BIS;  protective  action  of  various  fluids 
against,  320.  321 

Streptococcic  eernm,  action  of,  on  leaco- 
cidin,  359 

Stnrin,  bactericidal  action  of,  188 

Suprarenal  capsules,  pruteolive  function 
of,  431 


Susceptibility.  Steaho  Cl)emiotaïi«.  Hyper- 
susceptibility,  Irritability,  Sensitiveness 

Susceptibility  of  immnnised  animals  to 
the  specitic  toxin,  289  ;  of  frogR  to  tetanus 
toxin,  330  ;  diminution  of,  in  immunised 
animals,  374-376;  in  immunity,  the  port 
played  by,  565  ;  cellular,  a  general  pro- 
perty of  living  beings,  665-5  06 

Swine.     See  Pig,  Pneumo-cnteritis 

Swine  erysipelas, acquiredimmunityagainHt, 
23C-239,  254,  283,  627;  agglutination  of 
bacilli  of,  262;  spécifie  serum  of,  will 
not  prevent  infection,  270;  phagocytosis 
in,  283;  oction  of  immune  serums  on 
bacillus  of,  288,  289;  protective  action  of 
specific  serum  against,  307;  method  of 
textiug  strength  of  serums  against,  476; 
vaccinations  against,  473-477;  Pasteur's 
method,  473;  Lorenz's  method,  475; 
"serum- vaccinations"  method,  476;  vac- 
oinea  against,  2U8,  473,  509 

Swine  plagtie,  259,  260 

Synapta,  618 

Syphilis,  immunity  in,  435;  and  general 
progressive  paralyns,  435;  law  of  Pro- 
fetta  in  immunity  against,  453;  law  of 
Baumès-Colles  in,  436;  transmission  of, 
462 

Tears,  microbicidal  function  of  the,  408 

Testing  of  semms.    Su  Standardisation 

Tetanolysin  of  Ehrlioh,  849 

Tetanospasmin,  3G2 

Tetanus,  immunisation  against,  844,  847, 
492-495;  cerebral,  in  rabbit,  383,  391; 
difference  between  antitoxic  action  of 
living  brain  and  that  of  cerebral  emnU 
sion  on,  383;  in  fowl,  384;  no  antitetanic 
power  in  aeruin  of  convalescents,  443; 
vaccinations  against,  492-495;  vaccines 
against,  493  ;  protective  serum  tt«atment 
against,  493-496 

Tetanus  antitoxin,  hypothesis  of  nervous 
Origin  of,  381-385;  nature  of,  356;  mode 
of  action  on  toxin,  367,  381;  of  nerve 
centres  locally  re§tricted  in  its  action,  383 

Tetanus  bacillus,  natural  immanity  against, 
169,  204 

Tetanus  toxin,  natural  immunity  of  Hpiders 
and  scorpions  against,  826  ;  of  larvae  of 
Oryctt»  and  of  cricket  against,  329;  of 
frog  against,  330;  of  reptiles  against, 
331-334;  of  fowl  against,  336;  of  hiber- 
nating  animals  againxt,  3.19;  attenuation 
of,  344  ;  localisation  of,  in  vascular  organs, 
336;  brain  of  rabbit  very  susceptible  to 
action  of,  883;  fixation  of,  by  substance 
of  nerve  centres,  382;  by  certain  parts  of 
brain  and  cord,  386,  391  ;  by  other  cells, 
391,  393;  action  of  emulsions  of  frog's 
brain  on,  386;  fixation  of,  by  carmine, 
368,  3114;  absorption  of,  by  leucocytes, 
393-395;  action  of  extract  of  spleen  on. 
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305;  toxone  (tetanolysiTi)  of,  349,  862; 
local  reaction  to,  m  horse,  35*2;  heredity 
of  immuuity  against,  440,   448,  450 

Texas  fever,  acqaired  immunity  of  Bovidae 
against,  247,279;  attenuation  of  parasite 
of,  in  the  tick,  247  ;  haematozoon  in  dog 
closely  allied  to  that  of,  279 

Thety;  617 

Thyains  K^And,  immunising  power  of,  393 

Tick,  attenuation  of  parasite  of  Texas  fever 
in,  247 

ToDftils,  protective  function  of,  428 

Tornlae  as  adjuvant  organiamB,  426 

Toxins,  iminanity  against,  10;  immunity 
ot  unicellular  organJAms  against,  19; 
adaptation  of  bacteria  to,  21-27  ;  of  yeasts 
to,  20,  2IÎ;  of  planniudta  to,  30;  action  of, 
on  Infusoria,  19,  326;  composition  of, 
120;  neutralisation  of,  not  necessary  for 
pbogocytosiB,  205,  289;  immnnity  against 
mioro-organigm  not  same  as  against 
toxin,  251,  290;  protective  fixation  of,  by 
nerve  elements  and  other  cells,  386-400; 
methods  of  immunitiation  by  modified 
and  unmodified,  345-347  {tte  Immunisa- 
tion); local  reaction  in  immonisatioD 
against,  352  ;  action  of  normal  serums 
on,  365;  of  non-apecifio  acnima  on,  865; 
protective  action  of  fats  against,  387  ; 
leucocytic  reaction  against,  393-400; 
absorption  of,  by  the  conjunctiva,  409; 
by  the  respiratory  channels,  414;  de- 
atmotioD  of,  by  the  intestinal  organiams, 
427;  attenuation  of,  844;  natural  im- 
munity against,  825-341  ;  artificial  im- 
mnnity against,  342—102;  against  bae- 
teriul,  343;  againbt  vegetable,  344,  365; 
heredity  of  immunity  in  phanerogamic, 
446,  449  ;  susceptibility  of  nerve  centres 
to,  S64 

Toxoids,  349  (tee  alto  Toxophore);  im- 
munisation by,  350 

Toxones,  349,  363;  method  of  immaoisa- 
tion  by,  349 

Toxophore  atomic  group  in  toxin  (  =  toxoid), 
120,  3i50,  384 

Trichinae,  mechanical  action  of,  3 

Tristeza  (syn.  Texas  fever),  247 

TropidoHotut.     See  Snake 

Trypanotoma,  4,  129,  147;  hrucei,  9; 
leviti,  173,  248 

Trtjpanotomata,î&teof,  in  refractory  animal, 
173;  acquired  immunity  against,  247- 
249,  316;  and  agglntmative  power,  278 

Trypsin,  antitoxic  power  of,  424 

Tsetse  fly,  4,  9,  129,  247 

Tahercle  bacillus,  formation  of  sheath  bv, 
22,   183 

Tuberculin  as  a  protective  substance  against 
cholem  vibrio,  820 

Tuberculosis,  mech&nie&l  etiological  factors 
in,  4 

Tuberculosis,  bacillus  of,  82, 42, 143;  avian, 


41,148,149,  182;  hnmsn,  imronnltyof 
pigeon  against,  147;  acquired  immaaity 
in,  436;  after  serofala,  436;  Koch'» 
phenomenon  in,  437 

Tumuorg,  malignant,  probability  of  dis- 
covery of  parasite  of,  3  ;  use  of  erysipelas 
streptoooocas  in,  434 

Turtle,  natural  immunity  of,  against  t«tAaus 
toxin,  332,   386 

Typhoid,  protective  power  of  semm  of  con- 
valescents from,  437-440;  its  agglutina- 
tive power,  439;  serum  diagnosis  of,  3-56, 
357,  261,  439;  immunity  against,  not 
acquired  by  suckUng,  450;  vaccinationj 
against,  479,  481-486:  Wright's  vaooine 
against,  482  ;  bactericidal  power  ol  serum 
from  persons  immunised  against,  483; 
statistics  of  vaccinations  against,  483- 
485 

Typhoid  bacillns,  23,  143,  191,  198,  203; 
acquired  immnnity  against,  230;  at- 
tenuated Pfeiffer'a  phenomenon  in,  33(y, 
303,  804;  agglutination  of,  260,  261. 
380,  439  ;  resistance  to  agglutinated,  263  ; 
protective  action  of  serums  asaiust,  273- 
274,  293,  317,  819;  origin  of  protective 
substance  against,  292;  of  agglatinativo 
property  agamst,  294  ;  protective  action 
of  various  fluids  against,  320;  passes  un- 
injured through  Riotaach,  418;  trans- 
mission by  suckling,  of  agglutinative 
power  against,   450 

Typhoid  infection,  experimental,  in  labora- 
tory animals,  230,  267;  influenot  of 
anticytase  serum  on,  871;  uncertainly  of, 
by  ingestion,  423 

Typhoid  septicaemia,  experimental,  ber^ 
dity  of  immunity  against,  447 

TyrosLn,  protective  action  of,  387 

Unioellatnr  organism»,  immnnity  in,  11-28; 

infective  disease»  of,   12;  irritability  of, 

27;  adaptation  of,  to  «aline  solatioas,  23, 

615 
Unit,  Ehrlich'a  immunising,  373.  496 
Urinary  ferments,  60 
Urinary  organs,  protective  function  in,  431 
Urine  as  a  protective  fluid,  820,  4SI;  pepsin 

in  the,  65  ;  amylase  in  the,  65 

Vaccination.     See  alto  Immunisation 
Vaccinations,    protective,    208,    241,    2*7, 
454-604,  507  :   with  attenuated   miero- 
organisms,  509 
Vaoeine  against  fowl  cholera,  308 
Vaooines  «gainst  anthrax,  308,  470,  509; 
against  awino  erysipelas,  208,  478,  509: 
against  rubies,  208,  402,  463-164  ;  against 
symptomatic  anthnix,  471  ;  against  smalN 
pox,  465-457,  S07;  against  pleuropuen- 
mouia,  477;  against  cholera,  481;  against 
plague,  437,  489.  490;  against  tétanos, 
4<J3 


Index 


591 


Yaocinis,  Bnpposed  miero-organism  of,  455- 

456 
Vagina,  antopnrification  of,  429 
Variolisation,  early  nse  of,  455,  507 
Yenom.    See  Snake  Tenom 
Ver  hlane,  ayn.  cockchafer  larva 
Vibrio.    See  alto  Cholera  vibrio,  Masaowah 

vibrio.  Septic  vibrio 
Vibrios,  acquired  immnnity  against,  211- 
227;  pbagocytoslB  in  immunity  against, 
220,229-226;  granular  transformation  of, 
164,    165,    192,  212-226    (see   Pfeiffer's 
phenomenon);   bacteriolysis  (agglutina- 
tion) of,   256;  susceptibility  of  animals 
vaccinated  against,  to  the  toxins,  290 
Vibrio   mttchnikovi,    acquired    immunity 
against,  211,   226,   627,    631;    modified 
growth  of,  in  serums  from  immunised 
animals,  156,  262;    action  of,  grown  in 
serum  of  vaccinated  animals,  287  ;  perishes 
in  intestine  of  dog,  422;  action  of  mioro- 
ojrtase  on,  in   hypervaccinated   guinea- 
pigs,  553 
Viper.    See  Snake,  Snake  venom 
Viruses,  attenuated,  208,  508;  vaccination 
with,  whose  nature  is  as  yet  unknown. 


See  Small-pox,  Sheep-pox,  Babies,  Bin- 
derpest 
Vitellns  of  egg  of  immunised  fowl,  tetanus 
antitoxin  present  in,  856  ;  immunity  con- 
ferred by,  449 

Warlomont's  calf  lymph  vaccine,  456 
Weber-Fechner,  law  of,  27,  38,  566 
Willem's  method   of  vaccination   against 
pleuropneumonia,  477;  Pasteur's  modifi- 
cation of,  477 
Wright's   method   of  vaccination  against 
typhoid,  482;  method  of  testing  bacteri- 
cidal power  of  body  fluids,  483 

Yeast-cells,  adaptation  of,  to  poisons,  20, 
26;  to  milk-sugar,  26;  destruction  of 
injected,  by  phagocytes,  172;  Onrtis's 
pathogenic,  172;  endotrypsin  of,  197; 
autodigestion  in,  197;  aolnble  ferments 
of,  253 

Teasts,  diseases  due  to,  2 

Yolk.    See  Vitellus 

Zymase,  197,  650 
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